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SECTION 1 

GENERAL DESCRIPTION 



The Priority Interrupt Module is an I/O option available with 
Varian 70 series and 620 computer systems. This manual 
is divided into six sections: 



Features and specifications 

Installation and interconnection 

Operation 

Theory of Operation 

Maintenance 

Mnemonics list 



Documents such as logic diagrams, schematics, and parts 
lists are supplied in a System Maintenance Manual. This 
manual is assembled when the equipment is shipped, and 
reflects the configuration of a specific system. 

The following list contains the part numbers of other 
manuals pertinent to the Varian 70 series computers (the x 
at the end of each document number is the revision number 
and can be any digit through 9): 

V72 System Handbool< 98 A 9906 20x 

V73 System Handbook 98 A 9906 01 x 

V74 System Handbook 98 A 9906 21 x 

V75 System Supplement 98 A 9906 22x 

Processor Manual 98 A 9906 02x 

8K Core Memory Manual 98 A 9906 03x 

8K Semiconductor Memory Manual 98 A 9906 04x 



16K Core Memory Manual (1200 ns) 98 A 9906 24x 

16K Core Memory Manual (990 ns) 98 A 9906 25x 

Option Board Manual 98 A 9906 05x 

Power Supply (Universal) Manual 98 A 9906 06x 

V72 Power Supply Manual 98 A 9906 12x 

Microprogramming Guide 98 A 9906 07x 

Writable Control Store Manual 98 A 9906 08x 

Memory Map Manual 98 A 9906 lOx 

MAINTAIN III Manual 98 A 9952 07x 



The priority interrupt module (PIM) provides for the orderly 
servicing of peripheral-initiated interrupts of a program in 
progress. It does so by: 

a. Establishing up to eight levels of interrupt priority for 
selected peripheral controllers. 

b. Storing interrupt requests originated by associated 
peripheral controllers and placing the requests on the 
I/O bus in the order of the established priority. 

In effect, the PIM organizes a " priority-within-apriority" 
system. Peripheral controllers that cannot normally initiate 
an interrupt because of their inability to generate memory 
addresses can do so when connected to the PIM. PIM- 
controlled priority assignments are prewired at the factory 
to user specifications. 



Table 1-1 lists the PIM specifications. 



Table 1-1. PIM Specifications 



Parameter 

Organization 

Control Capability 

I/O Capability 

Standard Device Address 
Interrupt Addresses 



Description 

Contains line synchronization, and mask reg- 
isters; an interrupt address generator; prior- 
ity and control logic; and line drivers and 
receivers 

Establishes and implements eight levels of in- 
terrupt priority (user-assigned) for system 
peripheral controllers. 

Five external control and three transfer in- 
structions 

040 through 043 

First PIM: 0100 through 0117 

Second and succeeding PIMs: 0120 through 0177 
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Table 1-1 PIM Specifications (continued) 

System Priority Assignment 
Logic levels (internal) 

Logic levels (I/O bus) 



Size 

Power 

Operating Environment 



Detern-ined by location in the system priority 
chain (user-selected) 

High == +2.4 to +5.0V dc 
Low = to +0.4V dc 



High == +2.8 to +3.6V dc 
Low = to +0.5V dc 

Contained on one 7-3/4-byl2-inch (19.7 x 30.3 cm) 
printed circuit board. 

5V dc at 0.45A 

to 50 degrees C, to 90 percent relative 
humidity without condensation. 
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SECTION 2 
INSTALLATION 

2.1 INSPECTION 

The PIM has been packed and inspected to ensure its 
arrival in good working order. To prevent damage, take 
care during unpacking and handling. Check the shipping 
list to ensure that air equipment has been received. 
Immediately after unpacking, inspect the equipment for 
shipping damage. If damage exists: 

a. Notify the transportation company. 

b. Notify Varian Data Machines. 

c. Save all packing material, 

2.2 PHYSICAL DESCRIPTION 

The PIM circuits are contained on a single printed-circuit 
(F'C) board (p/n 44P0683). As illustrated in figure 2-1, the 
board contains three connectors PI, Jl, and J2. Connec- 
tors Jl and J2 each contain eight interrupt lines (ILOO- 
through IL07-) that can be connected to selected periph- 
eral controllers. Connector PI also contains the same eight 
interrupt lines as well as all I/O bus control signals for the 
PIM. 

2.3 PIM INTERRUPT LINES 

The PIM has eight interrupt lines that enable up to eight 
peripheral controllers to be connected in the desired order 
of priority. The interrupt lines are designated ILOO- 
through 1L07-, where ILOO- has the highest priority and 
IL.07- the lowest. For controllers that are installed in the 
same chassis as the PIM, the interrupt lines are connected 
at the computer backplane connector that mates with PI of 
the PIM board. For controllers in a different chassis, the 



interrupt lines are contained in either an I/O expansion 
cable that connects to PI of the PIM (via computer 
backplane) or in an interrupt cable that connects to Jl or 
J2 of the PIM. Pin assignments for the interrupt lines are 
listed in table 2-1. 

Table 2-1. Pin Assignments for Interrupt Lines 



Interrupt 








Interrupt 








Lines 


PI 


Jl 


J2 


Lines 


Pl 


Jl 


J2 


ILOO- 


108 


3 


3 


IL04- 


102 


11 


11 


ILOl- 


114 


13 


13 


IL05- 


88 


5 


5 


IL02- 


104 


9 


9 


IL06- 


112 


1 


1 


1 LOS- 


110 


15 


15 


IL07- 


86 


7 


7 



2.4 DEVICE ADDRESS ASSIGNMENT 

The device address for each PIM is implemented with 
jumper wires installed on the computer backplane connec- 
tor that mates with PI of the PIM board (figure 2-2). Device 
addresses 040 through 043 are reserved for PIM. Normally 
040 is assigned to the first PIM, 041 to the second, 042 to 
the third, and 043 to the fourth. Address 044 affects all 
PIMs simultaneously and is used to enable or disable all 
PIMs. 

2.5 INTERCONNECTION 

In the V70 series systems, the PIM is installed in a desig- 
nated slot of an I/O chassis. Refer to the appropriate Varian 
70 Series System Handbook for further installation informa- 
tion. 



122-PIN 
CONNECTOR 



PI 




44- PIN 
CONNECTORS* 



* CONNECTORS Jl AND J2 ARE PARALLEL WIRED 

K7//-/792 



Figure 21. PIM Board (Component Side) 



2-1 



INSTALLATION 



The PIM can be installed In designated slots of the main- 
frame and expansion chassis for 620/ L systems, and in 
designated slots of the memory and I/O expansion chassis 
for 620/f-100 systems. Further installation information for 
these computer systems, can be found in the 620/ L Mainte- 
nance Manual (document number 98 A 9905 15x) and the 



620/f-100 Maintenance Manual (document number 98 A 
9908 15x). 



The pin assignments for the connectors on the PIM board 
are provided in logic diagram 91D0016. 
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Figure 2-2. Device Address Connections 
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SECTION 3 
OPERATION 



The PIM has no operating controls or indicators, 
operates under program control. 



3.1 I/O INSTRUCTIONS 

The PIM responds to the five external control and three 
data transfer instructions listed in table 3-1. 



loops. Two NOP instructions are required after an external 
control (EXC) instruction. 

For computer systems containing the memory protection 
(MP) option in addition to the PIM, the MP is disabled 
everytime an interrupt is serviced. Therefore at the end of 
the PIM service program, the MP must be enabled again. 



Table 3-1. I/O Instructions 





Program 


Mnemonic 


Code 


External Control 




EXC 014* 


10014* 


EXC 024 


10024 


EXC 0244 


100244 


EXC 034 


10034 


EXC 044 


10044 


EXC 0444 


100444 


EXC 054 


10054 


Data Transfer 




OME 04 


10304 


OAR 04 


10314 


OBR 04 


10324 



Functional Description 

Clear interrupt registers. 

Enable PIM, 

Enable all PIMs in system. 

Clear interrupt registers and enable PIM. 

Disable PIM. 

Disable all PIMs in system. 

Clear interrupt registers and disable PIM. 

Transfer contents of memory to mask 
register. 

Transfer contents of A register to 
mask register. 

Transfer contents of B register to 
mask register. 



* represents the last octal digit of the device address. 



3.2 PROGRAMMING CONSIDERATIONS 

When preparing a PIM program, clear the interrupt 
registers to establish initial conditions. To mask peripheral 
controllers, v^^rite a mask word in the program. The eight 
least significant bits of the mask word correspond to the 
eight priority interrupt lines. Setting bit inhibits the 
highest priority line, setting bit 1 inhibits the second- 
highest priority line, etc. The mask register must be loaded 
by the program after any power-up sequence, including the 
power-up cycle of the power failure/restart (PF/R) feature. 
System reset does not clear the PIM mask register. 

When program loops contain only uninterruptable instruc- 
tions, interrupts cannot occur. Thus, when recognition of 
an interrupt is imperative (such as with the PF/R), at least 
one no-operation (NOP) instruction must be added to such 



3.3 UNINTERRUPTABLE INSTRUCTIONS AND 
CONDITIONS 

An interrupt can only be detected during the last cycle of an 
instruction execution. In V70 and 620/f-100 systems using 
the memory protection feature, interrupts can be detected 
immediately following all instructions except: 

a. Halt (HLT) instructions 

b. Any external control (EXC) I/O instruction 

c. Any execution instruction. If the condition is met, 
interrupts are inhibited between executions of an 
execution instruction and the instruction at the 
execution address. If the condition is not met, 
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OPERATION 



interrupts are inhibited between executions of an 
ejxecution instruction and the instruction following in 
sequence. 

d. Any instruction executed in the step mode. 

In Varian 70 series and 620/f-100 systems without the 
memory protection feature, detection of an interrupt is 
inhibited during the following types of instructions: 

a. Halt (HLT) instructions 

b. All shift instructions 

c. All I/O instructions 

d. All double-word instructions 

e. All multiplication or division instructions 

f. Any instruction executed in the step mode 

In all 620/L systems, detection of an interrupt is inhibited 
during the following types of instructions and conditions: 

a. Halt (HLT) instructions 

b. All jump, jump and mark, or execution instructions 
when the jump condition is met. (When the jump 
condition is not met these instructions are 
interruptable). 



c. All I/O instructions 

d. All shift or rotation instructions 

e. All multiplication or division instructions 

f. During the processor cycle immediately following cin 
external control (EXC) I/O instruction. 

g. During the processor cycle immediately following a 
shift, rotation, multiplication, or division instruction 
during which a trap occurred (DMA operation). 

h. During the first instruction executed after entering run 
mode if that instruction is a single-word instruction. 

i. During a manual step operation 

j. During a halt condition 

3.4 PROGRAM EXAMPLE 

Table 3-2 shows a typical program using the PIM. In this 
program, 256 descending binary frames are transferred to 
the high-speed paper tape punch. Memory locations 01000 
to 01023 are used in the program as are computer 
mnemonic codes with corresponding machine language 
codes. 



Table 3-2. Program Example 



Machine 


Code 


Location 


Instruction 


001000 




001000 


011011 


001001 


103140 


001002 


006010 


001003 


000377 


001004 


103137 


001005 


100240 


001006 


005000 


001007 


001000 


001010 


001006 


001011 


000376 


001012 


000000 


001013 


005311 


001014 


103137 


001015 


100240 


001016 


001010 


001017 


001022 


001020 


001000 


001021 


101012 


001022 


100440 


001023 


000000 


000100 




000100 


002000 


000101 


001012 




000000 



Source Code 



Label 

STRT 



Mnemonic 

,ORG 
,IDA 
.OAR 
.IDAI 

,()AR 

,i;xc 

,NOP 
,JMP 



Operand 

,01000 
,MASK 
,040 
.0377 

,037 
,0240 

.•■'-1 ■ 



MASK 

INTERRUPT 

INTR 



.DATA ,0376 

PROCESSING SUBR 

.ENTR 

,I3AR 

,OAR ,037 

. -:XC ,0240 

.lAZ ,*-4-4 



IMP'- 



INTR 



Description 

FETCH INTERRUPT MASK 
AND STORE IN REGISTER 
INITIALIZE OUTPUT DATA 

PRIME INTERRUPT MODULE 
ENABLE PIM 

DELAY FOR INTERRUPTS 



DECR OUTPUT DATA 
OUTPUT DATA TO PUNCH 
RE ENABLE PIM 



EXIT 



,EXC 


,0440 


CLEAR PIM 


,HLT 




END OF PROGRAM 


NTERRUPT ADDRESS 






.ORG 


,0100 




,JMPM 


,INTR 





:nd 



32 



SECTION 4 

THEORY OF OPERATION 

4,1 GENERAL 

Communication between the PIM and the processor is 
similar to that of any peripheral controller except that the 
PIM can request a program interrupt. When the computer 
acknowledges the interrupt, the PIM specifies the memory 
location of the instruction to be executed. 

The PIM scans the interrupt lines with every cycle of the 
interrupt clock (lUCX-l). If signals are detected on more 
than one line, the highest-priority signal is acknowledged. 
The remaining interrupt requests are stored in the PIM 
interrupt-line register until acknowledged. The PIM has an 
eight-bit mask register that selectively inhibits interrupt 
requests from the interrupt-line register. When a given flip- 
flop of the mask register is set, corresponding interrupt 
requests from the interrupt-line register are inhibited. 
When the mask register flip-flop is reset, the interrupt 



request is not inhibited. The mask register is unaffected by 
system reset and must be loaded under program control 
using data-transfer instructions. 

Acknowledgment of an interrupt by the processor causes 
execution of the instruction located at the memory address 
specified by the PIM. Any instruction can be executed 
except an I/O type. An interrupt is thus serviced in one 
instruction period. 

4.2 FUNCTIONAL DESCRIPTION 

The following subsections describe the five functional 
circuits of the PIM (figure 4-1). Refer to the timing 
waveforms of figure 4-2 and the PIM logic diagram. 



TO PROCESSOR 




Figure 4-1. PIM Functional Block Diagram 
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THEORY OF OPERATION 



4.2.1 Control Logic 

The control logic circuit directs and sequences the response 
of the PIM to external control, data transfer, and interrupt 
operations. When a computer program interrupt is re- 
quested, the processor requests the PIM to place the 
interrupt address on the I/O bus. If the PIM has system 
priority, the address line drivers are enabled. The PIM 
interrupt-request signal will remain active until all inter- 
rupts stored (but not inhibited) by the PIM have been 
acknowledged, or until PIM priority is lost. 

The control logic circuit consists of flip-flops PRME, DTOX, 
lURM and associated gates. During the execution of an 
output data transfer command, signals FRYX and DA set 
DTOX. DTOX+ high and DRYX + generate SMRl- low, 
which transfers the mask word from the I/O bus to the 
mask register. At the end of the transfer, DRYX+ resets 
flip-flop DTOX. DA, in conjunction with FRYX + , indicates 
that the central processor is communicating with the PIM. 



External control commands for the PIM are indicated by 
EXCX + low. EB06 + , EB07 + , and EB08 + are combined 



with EXCX+ to actuate the five external control 
commands. 

Flip-flop PRME provides master enable/disable for the 
entire PIM. When PRME is reset, computer program 
interrupts cannot be requested by the PIM; however, the 
PIM continues to receive and store interrupts from external 
devices. When PRME+ is high, flip-flop lURM is set by 
INRl + high, one lUCX- I clock period after an interrupt is 
clocked into the sync register. IURM+ and PRME+ high 
plus PRMX- 1 low generate lURX- 1 low, requesting an 
interrupt. 

When a computer program interrupt is requested by the 
PIM, the processor responds with signal lUAX-l low. This 
signal requests that PIM place the interrupt instruction 
address on the I/O bus. 

If the PIM has system priority, the address line drivers are 
enabled as long as lUAX- I is low. When lUAX- I goes low, 
lUCX- I is held low. Interrupt conditions are therefore held 
static during the time that lUAX- I is low. Flip-flop lURM is 
cleared when all interrupts received by the PIM have been 
acknowledged by the central processor. 
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Figure 4-2. Timing for Reception and Servicing of a Single Interrupt 
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THEORY OF OPERATION 



4.2.2 Interrupt Address Generator 



LPnn + . Although IUCP+ is sent to all register flip-flops, 
only the flip-flop that was serviced is reset. 



The interrupt address generator consists of coding logic 
that generates the binary number of the interrupt line 
requesting the interrupt. A pair of memory locations is 
reserved for each interrupt line. The interrupt addresses 
are normally in memory locations 0100 through 0117. 
However, the 16 interrupt addresses can be placed 
anywhere within the first 128 memory locations except 040 
through 047, and may be placed at other addresses by 
special request. 

The interrupt address generator consists of three gates 
that use line priority signals to generate signals AOXX + , 
A1XX4-, and A2XX -f . These signals consititute three bits 
of the address code for the interrupt line to be serviced. 
They are placed on the I/O bus by lAEX -f low. The least- 
significant bit of the address code is always low, resulting 
in an even address. This bit is supplied by the processor 
when the second word of a double-word interrupt instruc- 
tion is accessed. 

Signal IAEX-+- low is generated by signals PRMX-I and 
lUAX-l low and FF set signal PRME+ and IURM+ high. 
These four signals indicate, respectively, that: the PIM has 
priority; the PIM interrupt has been acknowledged; the PIM 
is activated; and interrupt awaits on one of the interrupt 
lines. 



4.2.4 Sync Register and Line Priority 

The sync register consists of eight flip-flops. At each 
interrupt clock period, the outputs of the interruptline 
register are clocked into the sync register. The sync 
register, therefore, samples the status of the eight interrupt 
lines synchronously with the computer interrupt clock. The 
sync register outputs activate the priority logic used to 
generate the interrupt address. 

If two or more interrupts occur simultaneously, the line 
with the highest priority is given precedence and all other 
lines are temporarily inhibited. An interrupt line can 
request a computer program interrupt only if the line has 
not been inhibited and a higher-priority line is not active. 

The sync register consists of flip-flops IROO through IR07. 
lUCl- clocks the contents of the interruptline register 
into the sync register. The outputs of the sync register are 
fed into a network of gates that determine the priority of 
each interrupt line signal. The line priority circuit generates 
signal INR1 + , which enables the generation of signal 
lURX-l. In addition, LPbO+ through LP07 -f determine 
the interrupt address and the interruptline register flip- 
flop to be reset after servicing its interrupt. I LOO- has the 
highest priority, and signal IL07- has the lowest. 



4.2.3 Interrupt-Line Register 



The interrupt-line register consists of eight flip-flops that 
asynchronously accept interrupt inputs. An interrupt is 
stored in the register until the interrupt is serviced or until 
the entire register is cleared by command. 

The interrupt-line register consists of flip-flops LROO 
through LR07. An interrupt is generated when an interrupt 
line signal, ILnn- , goes low. ILOO- through IL07- are each 
connected to the clock input of an interrupt-line register 
flip-flop. ILnn- may remain low for any period of time 
greater than 0.2 microseconds; a constant low does not 
produce repetitive interrupts. If the interrupt is serviced, 
the flip-flop is reset by IUCP+ and a line priority signal. 



4.2.5 Mask Register 

The mask register inhibits interrupt requests from selected 
interrupt lines to be disarmed while other lines are 
permitted to cause a program interrupt. The eight flip-flops 
of the mask register inhibit corresponding interrupt 
requests from the interrupt-line register. The mask register 
must be loaded under program control to establish which 
interrupts are to be inhibits. 

EBOO+ through EB07 -f are loaded into the mask register 
when a particular interrupt is to be masked (inhibited). 
SMRl + clocks this mask word into the register. The 
register outputs are fed into the line priority circuit. If one 
or more interrupts are inhibited by the mask register, the 
highest-priority unmasked interrupt is serviced. 
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SECTION 5 
MAINTENANCE 



Maintenance personnel should be familiar with the con- 
tents of this manual before attempting PIM troubleshooting. 
The Varian MAINTAIN III test program system (Test Pro- 
grams Manual, 98 A 9952 07x) contains a PIM test program 
used to test various phases of PIM operation. Further 
diagnosis can then be made by referring to this manual. 



5.1 TEST EQUIPMENT 

The following test equipment and tools are recommeded for 
maintenance: 

a. Oscilloscope, Tektronix type 547 with dual-trace plug-in 
unit, or equivalent. 

b. Multimeter, Triplett type 630 or equivalent. 

c. Soldering iron, 39-watt pencil type. 



5.2 CIRCUIT-BOARD REPAIR 

If it has been determined that circuit-board repair is 
required, it is recommended that the Varian Data Ma- 
chines customer service department be contacted so that a 
new circuit board can be installed in the user's system and 
the faulty one returned to the factory for repairs. However. 
if the user decides to perform his own repairs, caution 
should be used so that the circuit board is not permanently 
damaged. Approved repair procedures should be followed 
such as the ones described in document IPC-R-700A 
prepared by the Institute of Printed Circuits. 
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SECTION 6 
MNEMONICS 



Mnemonics Description 

AnXX Address code of device with priority interrupt. 

CACR Clear ac register. Generates signal CILR on receipt of 

signal EXCX. 
CILR Clear line register. Clears the line and sync registers. 

DA Decoded device address. 

DRYX Data ready pulse that resets flip-flop DTOX; enables signal 

SMRl. 
DTOX Data transfer out flip-flop. Stores the occurrence of an 

output command from the processor. 
EBnn-l Address or function code bit from I/O bus. 

EXCX Enables initialization of RIM upon external control command. 

FRYX Function ready pulse that sets flip-flop DTOX. 

lAEX Interrupt address enable. Gates address of interrupt line 

onto I/O bus. 
ILnn Interrupt line from peripheral controller. 

INRn Interrupt request. Indicates a request from one or more 

interrupt lines. 
IRnn Sync register outputs. Stores the status of the line register 

in synchronism with the interrupt clock signal. 
lUAX Interrupt acknowledgment. Enables servicing of PIM interrupts. 

lUCP Interrupt completion resets line register flip-flop after 

interrupt is serviced. 
lUCX Interrupt clock. Provides timing for servicing of PIM 

interrupt request. 
lUCI Interrupt clock inverted. Clocks contents of line register 

into sync register. 
lUDX Interrupt detection. Sets flip-flop lURM. 

lUJX Interrupt jump. Inhibits the PIM after a jump and mark 

command. 
lURM Interrupt request memory flip-flop. Stores a request for an 

interrupt from an interrupt line. 
lURX-l Interrupt request. Sent to the processor to request signal 

lUAX-l. 
KPRME K-input to PRME 

LPii Line priority signals. Indicates the eight PIM priorities. 

LRnn Line register flip-flop outputs. Stores request for an 

interrupt from a device connected to an interrupt line. 
PRME PIM enabling flip-flop. Stores the activation of the PIM. 

PRMX Priority input. Gives priority to PIM. 

PRNX Priority output. Passes priority to next in line after 

interrupts are serviced. 
SMRl Clocks mask word into mask register. 

SYRT System reset. Clears flip-flops DTOX and PRME and generates 

signal CILR when control-panel reset switch is pressed. 
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SECTION 1 

GENERAL DESCRIPTION 



The Buffer Interlace Controller (BIC) is a special-purpose 
hardware option for use with Varian computer systems. 
This manual is divided into six sections: 



interrupt clock period is 361 ,800 words/second. The maxi- 
mum rate through the BIC is then: 



• Features and specifications 

• Installation and interconnection 
Operation 

• Theory of operation 

• Maintenance 

• Mnemonics list 

Volume 2 of this manual is assembled when the hardware 
is shipped and contains engineering documents such as 
logic diagrams, parts list, and installation drawings. 

There are two versions of the BIC available. One version 
(without key bits) is for systems that do not have the memory 
map option and the other version (with key bits) is for 
systems that do have the memory map option. 

The function of the BIC is to free the processor to perform 
other program functions during block word transfers be- 
tween memory and peripheral controllers. Cycle-stealing 
trap requests inhibit the processing of a stored program 
for only the memory cycle required to transfer one word 
of data between memory and a peripheral controller. 
Operation register contents are not changed by the transfer, 
thus freeing the processor to execute an instruction from 
the stored program between successive data word 
transfers. 

The BIC will perform DMA transfers at the peripheral device 
rate up to a maximum rate defined as follows: 



361,800 



= 266,383 words/ 

+ (990 x 10-^) second 



The BIC monitors trap requests initiated by the peripheral 
controllers. 

Up to ten peripheral controllers can be connected to one 
BIC. Using standard I/O device addressing, a computer 
system can include up to four BICs. 

The BIC is considered to be an I/O controller. Priorities 
for optional controllers having trap or interrupt capabilities 
are established by the order of their placement in the priority 
chain. The BIC is a system priority device; however the 
peripheral devices connected to it have no priority of their 
own. 

Table 1-1 lists the BIC specifications. 



Table 1-1. BIC Specifications 
Parameter Description 

Organization Contains input receivers and 

output drivers, two 16-bit 
address registers, a 4-bit key 
register, and a sequence con- 
trol circuit 

Control capability Up to ten peripheral controllers 

I/O transfer rate Synchronized to peripheral device 
rate 



where: R max is the maximum rate through a BIC 
(words/second) 
R^p^j is the maximum DMA rate for the 

processor (words/second) 
Tiucx's the period of interrupt clock 
(seconds) 



As an example, the maximum DMA rate for a Varian 70 
series computer with core memory and a 990 nanosecond 



I/O signal limits Minimum 10 nanoseconds; maximum 
(rise/fall) 100 nanoseconds 

Logic levels High = -f2.4 to -f 5.0V dc 

(internal) Low = to -I- 0.4V dc 

Logic levels High = +2.8 to +3.6V dc 

(I/O bus) Low = to +0.5V dc 

Size Contained on one 7-3/4-by 12-inch 

(19.7 x 30.3 cm) printed-circuit 

^"^•"^ (continued) 
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GENERAL DESCRIPTION 

Table 1-1. BIC Specifications (continued) 
Parameter Description 



Interconnection Interfaces with I/O cable through 
backplane connector; connects to 
peripheral controllers through the 
backplane connector or through a 
cable 

Connectors One 122-terminal card-edge connector 

(mates with female connector at back- 
plane) and two 44-terminal card-edge 
connectors ( each mates with a 
44-terminal connector on B cable 
for special configurations) 

Power -I- 5V dc at 0.6A 

Operating to 50 degrees C; 10 to 90 percent 

environment relative humidity without condensation 
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SECTION 2 
INSTALLATION 

The BIC has been packed and inspected to ensure its 
arrival in good working order. To prevent damage, take 
care during unpacking and handling. Check the shipping 
list to ensure that all equipment has been received. 
Immediately after unpacking, inspect the equipment for 
shipping damage. If damage exists: 

• Notify the transportation company 
Notify Varian Data Machines 

• Save all packing material 

2.1 PHYSICAL DESCRIPTION 

The BIC circuits are contained on a single printed-circuit 
(PC) board (p/n 44P0689). As illustrated in figure 2-1, the 
board contains three connectors P1 , J1 , and J2. Connectors 
J1 and J2 are wired in parallel and contain the peripheral 
control lines. Connector PI also contains the same periph- 
eral control lines as well as all I/O bus control signals for 
the BIC. Connectors J1 and J2 are used for special configu- 
rations. 

2.2 INTERCONNECTION 



2.3 INTERFACE DATA 

All BIC input/output signals utilize receiver/driver stages 
to buffer internal circuits and external lines. The BIC inter- 
faces with the computer via the "—I" signal lines and with 
peripheral controllers via the "— B" signal lines listed in 
table 2-1. The corresponding pin number of circuit card 
edge connector Pi follows each signal mnemonic (see logic 
diagram 91C0459). Refer to section 6 for definitions of the 
mnemonics. 

Table 2-1. BIC Inputs and Outputs 





INPi 


JTS 






OUTPUTS 




BCDX-B 


52 


EB10-I 


16 


DCEX-B 


56 




EB12-I 


18 


BIMES-I 


93 


EB11-I 


17 


DESX-B 


60 




EB13-I 


19 


CDCX-B 


54 


EB12-I 


18 


EBOO-I 


2 




EB14-I 


20 


DRYX-I 


29 


EB13-I 


19 


EB01-I 


4,68,69 


EB15-I 


21 


EBOO-I 


2 


EB14-I 


20 


EB02-I 


6,71 


72 


INTX- 


75 


EB01-I 


4,65 EB15-I 


21 


EB03-I 


8 




I0K1-I 


109 


EB02-I 


6,70 FRYX-I 


27 


EB04-I 


10 




I0K2-I 


110 


EB03-I 


8 


lUAX-l 


44 


EB05-I 


11 




IOK3-I 


112 


EB04-I 


10 


lUCX-l 


45 


EB06-I 


12 




IOK4-I 


113 


EB05-I 


11 


PRMX-I 


37 


EB07-I 


13 




PRNX-I 


42 


EB06-I 


12 


SYRT-I 


43 


EB08-I 


14 




SERX-I 


31 


EB07-I 


13 


TROX-B 


50 


EB09-I 


15 




TAKX-B 


58 


EB08-I 


14 


TRQX-B 


49 


EB10-I 


16 




TPIX-I 


33 


EB09-I 


15 






EB11-I 


17 




TPOX-I 


35 



When two or more BIC controllers are installed in the same 
chassis, the B cable signals are connected only to the 
controller or controllers with which each BIC communi- 
cates. There are no B cable signals between BICs. If the 
BIC and the peripheral controllers are installed in different 
chassis, the interconnection is made through the J1 and 
J2 connectors. Figure 2-2 illustrates BIC/peripheral inter- 
connections. 



NOTE: On systems with memory map, the BIMES-I and 
BTMES-I signals are floating and must be pulled up to +5 
volts by adding the following jumpers: 

a. On each backplane slot, pin 93 (BIMES-I) is 
connected to pin 73 (PRMY-I). 

b. On each PMA/BTC backplane slot, pin 96 (BTMES- 
I) is connected to pin 73 (EXPU+). 



122- PIN 
CONNECTOR 

PI 



44- PIN 
CONNECTORS* 




Many peripheral controllers, under software control, can 
transfer data either by programmed I/O or via BIC control. 
Controllers for peripherals such as discs and drums usually 
are not able to transfer data via programmed I/O due to 
their high transfer rates. Figure 2-3 shows a computer 
system with peripheral controllers that operate with and 
without BIC. Figure 2-4 is typical interface logic. 



CONNECTORS Jl AND J2 ARE PARALLEL WIRED 



Figure 2-1. BIC Board (Component Side) 
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* CAPABLE OF BLOCK DATA TRANSFER VIA PROGRAMMED 
I/O CONTROL OR BIC CONTROL. 



INSTALLATION 
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Figure 2-4. Typical B Cable Interface Logic 
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SECTION 3 
OPERATION 



The BIC has no operating controls or indicators. It operates 
under program control. 



3.1 I/O INSTRUCTIONS 

The EJIC responds to the instructions listed in table 3-1. 
Two device addresses are assigned to each BIC to 
differentiate functions directed by the I/O instruction. 
Addresses 020 through 027 are reserved for BICs. Address/ 
instruction codes in table 3-1 are for the first BIC in a 
system. If additional BICs are installed, the addresses 
shov\/n should be incremented by two for each additional 
BIC (i.e., second BIC addresses should be 022 and 023). 





Octal 






Mnemonics 


Code 




Description 


CIA 020 


102520 


Read initial 
cleared A 


register into 


CIB 020 


102620 


Read initial 
cleared B 


register into 



SEN 020 101020 
SEN 021 101021 
SEN 0121 101121 



Sense 

Sense BIC not busy 
Sense abnormal device stop 
Senses if BIC has been stopped 
due to a memory-map error 



Table 31. I/O Instructions 





Octal 




Mnemonics 


Code 


Description 




External Control 


E-XC 020 


100020 


Activate BIC 


E:.XC 021 


100021 


Initialize 


E;XC 0321 


100321 


Enable loading of key bits 
Transfer 


OAR 020 


103120 


Load initial register from A 


OBR 020 


103220 


Load initial register from B 


OME 020 


103020 


Load initial register from 
memory 


OAR 021 


103121 


Load final register from A 


OBR 021 


103221 


Load final register from B 


OME 021 


103021 


Load final register from 
memory 


INA 020 


102120 


Read initial register into A 


INB 020 


102220 


Read initial register into B 


IME 020 


102020 


Read initial register into 



3.2 PROGRAMMING CONSIDERATIONS 

The user writes the programs that use the BIC. When 
preparing a program for use with the BIC, the programmer 
first initializes then senses the status of the BIC and the 
selected peripheral controller. After a not-busy response is 
received from both the BIC and the peripheral controller, 
the BIC address registers are loaded with the initial and 
final memory addresses of the block of data to be 
transferred, a BIC activate enable instruction is placed on 
the I/O cable, and the transfer is started. Although the 
program requires loops for use with sense instructions and 
to handle abnormal conditions, transfer of the data block 
is accomplished by the BIC without further program 
instructions. 

The key bit register (for memory map option) is loaded by 
first issuing the "Enable (loadingof) Key Bit Register" in- 
struction (0100321) followed by one of the "Load Final 
Register" instructions (0103021, 0103121, 0103221), 

3.3 SAMPLE PROGRAM 

Table 3-2 shows a typical service routine for the BIC, a 
Teletype paper tape punch operation under BIC control. 
Using DAS symbols with corresponding machine language 



Table 3-2. Typical Service Routine 



Memory 


Octal 


Location 


Code 


001000 




001000 


101020 


001001 


001007 


001002. 


looaoi 


001003 


100021 


001004 


005000 


001005 


001000 



Label 



BICO 





Variable 




peration 


Field 


Comments 


,ORG 


,01000 




,SEN 


,020,BIC1 


CK BIC NOT BUSY 


,EXC 


,0U01 


INIT TTY 


,EXC 


,021 


INIT BIC 


,NOP 


I 




, JMP 


,*-3 


(continued) 
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OPERATION 



Table 3-2. Typical Service Routine (continued) 



Memory 


Octal 


Location 


Code 


001006 


001002 


001007 


101101 


001010 


001014 


001011 


005000 


001012 


001000 


001013 


001007 


ooioia 


103120 


001015 


103221 


001016 


100020 


001017 


100101 


001020 


101020 


001021 


001025 


001022 


005000 


001023 


001000 


001024 


001020 


001025 


101021 


001026 


001032 


001027 


007400 


001030 


102520 


001031 


000000 


001032 


007401 


001033 


001000 


001034 


001030 




000000 



Label 



BIC1 



BIC2 



BIC3 



BIC4 



BIC5 





Variable 




peration 


Field 


Comments 


, SEN , 


0101 , BIC2 


CK TTY WRITE READY 


,N01? 






, jm:? 


*-3 




, oa:;^ 


020 


SET BIG I REG 


,ob:;i 


021 


SET BIC F REG 


, Exc: 


020 


ACTIVATE BIC 


, EXC 


0101 


CONNECT WRITE REG 


,se;?j 


020,BIC3 


CK BIC NOT BUSY 


,NOP 






, JMP 


*-3 




,SEN 


,021 ,BIC5 


CK ABN STOP 


,,ROF 






fCIA 


,020 


INPUT BIC I REG 


„HLT 






,SOF 




SET ABN FLAG 


, JMP 


,BIC4 





,END 



octal codes, the program covers memory locations 01000 
through 01034. 

Once the program is loaded, the operator must insert the 
initial punch buffer address into the A register and the 
final address into the B register for each run. When 
started, the program will: 

a. initialize the BIC and Teletype punch 

b. initiate the data transfer 



c. read the contents of the BIC initial register into the A 
register at the completion of the transfer 

d. set the overflow indicator if the termination was 
abnormal 

e. halt 

The punch buffer must contain only ASCII characters. The 
first character is 0222 (punch on) and the last is 0224 
(punch off). 
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SECTION 4 

THEORY OF OPERATION 



The BIC is functionally divided into address registers and a 
sequence control circuit (figure 4-1). A functional descrip- 
tion of these circuits is provided in the following 
paragraphs. 



4.1 ADDRESS REGISTERS 



4.3 OPERATING SEQUENCE 

The following paragraphs describe the sequence of opera- 
tions of the BIC. Refer to the block diagram (figure 4-1), 
the timing diagram (figure 4-2), and the logic diagram 
91C0459 in volume 2. 



4.3.1 Initial Conditions 



The two address registers contain the memory locations of 
output or input data, depending on the I/O instruction. The 
initial register stores the address of the first input or 
output word, and is incremented during each data-word 
transfer. When the block transfer is complete, the initial 
register contains the address + 1 of the last data word to 
be transferred. 

The final register stores the address of the last word to be 
transferred. Unless the peripheral device is abnormally 
stopped, the address in the final register will be one less 
than the address in the initial register when the block 
transfer is complete. When the initial and final registers 
reach comparison, the block word transfer is complete. 

The key-bit register stores the four key bits that are used 
with the memory map. The key-bit register is not used on 
systems without the memory map. The enable instruction 
sets a flip-flop which directs the data being transferred by 
a load (of final register) instruction, into the key-bit register. 
The flip-flop is reset when the transfer is complete. 



4.2 SEQUENCE CONTROL 



The sequence control circuit generates the control signals 
which coordinate address and data transfer between the 
processor, BIC, and the peripheral controllers. The data are 
not routed through the BIC but are directly transferred 
between the peripheral controller and memory. 



The processor senses the BIC for a not-busy condition. 
The sense instruction places the BIC device address and 
a function code on the I/O bus. The BIC responds with 
a low SERX-I if it is not busy (CDCX-B low). The processor 
then executes the initialize instruction which generates a 
low INIT- which prepares BIC for receiving the initial and 
final addresses of the block data to be transferred. 

The initial register is loaded from the I/O bus when data 
ready DRYX— I returns high and LIxx— is low. 

The final register is loaded from the I/O bus when DRYX— I 
returns high, and LFRX -i- is high. 



4.3.2 Device Selection 

The processor executes the activate BIC instruction which 
causes DCEX- B to go low. This signal is sent to all 
peripheral controllers connected to the BIC. The processor 
then executes an instruction to select a peripheral device. 
This instruction with DCEX- B low, connects the selected 
device to the BIC and starts the device. 

The connected peripheral controller sends a low CDCX-B 
to the BIC causing DCEX-B to go high, thus disabling the 
selection of any other peripheral controllers. When CDCX-B 
goes low, the connected peripheral controller also selects 
the state of TROX-B. When data is to be transferred to 
memory, a high TROX-B is sent. If data is to be transferred 
to memory, a low TROX-B is sent. 



Under program control, the processor senses that the BIC 
is not busy and prepares the BIC to receive the initial and 
final data addresses. The processor then senses that the 
selected peripheral controller is not busy and loads the 
initial and final registers and the key register. The BIC is 
then activated and the peripheral controller is started. The 
BIC then assumes control of the data transmission, allowing 
the processor operational registers to be used by the pro- 
gram for other functions. 



Data transfer is accomplished between memory and the 
peripheral controller via the I/O bus. The BIC counts the 
words transferred and when the data block transfer is 
complete, disconnects the peripheral controller and as- 
sumes a not-busy state. Data transfer may also be 
terminated upon request from the peripheral controller. 



4.3.3 Data Address 

When the connected peripheral controller is ready for the 
data transfer, it sends a low TROX-B to the BIC. The BIC 
then sends a TPIX-I or low TPOX-I to the processor, de- 
pending on the state of TROX-B. 

When the processor is ready for the data transfer, it sends 
a low lUAX— I to the BIC. lUAX— I going low generates a 
low TAKX— B which is sent to the peripheral controller to 
initiate the transfer. The BIC then causes OIRX-f to go 
high which gates the memory address, that is in the initial 
register plus the key bits onto the I/O bus. The connected 
peripheral controller is thus enabled. FRYX— I, from the 
processor, going high terminates the address phase of the 
BIC. FRYX— I going high causes CLEX— to go high, which 
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NOTES: 

TIMING REQUIRED TO ISSUE THE COMMAND TO CONNECT THE DEVICE. 

TIME REQUIRED FOR DEVICE TO REQUEST FIRST DATA TRANSFER AFTER STARTING 

TIME REQUIRED TO SERVICE CURRENT AND/OR HIGHER PRIORITY REQUESTS FOR 
I/O ACCESSES. 

SIGNAL TRQX-B MAY BE BROUGHT LOW (TRUE) AGAIN, AS EARLY AS THE 
TRAILING EDGE OF DRYX-1 . HOWEVER, SIGNAL TRQX-B MUST HAVE 
BEEN HIGH FOR AT LEAST 50 NANOSECONDS BEFORE GOING LOW. 

END OF DATA BLOCK. SIGNAL CDCX MAY REMAIN HIGH BETWEEN BLOCKS. 

INCLUDES KEY BITS IF PRESENT [lOKn-I (0-3)]. 

FOR DMA TIMING REFER TO THE APPLICABLE SYSTEM HANDBOOK. 



THEORY OF OPERATION 



causes the initial register to be incremented to the next 
memory address. 



4.3.4 Data Transfer 

The data transfer may be an output from or an input to 
the processor. For output, the processor places the data 
on the I/O bus, and the data is strobed into the peripheral 
controller by DRYX-I going high. For input, the peripheral 
controller places the data on the I/O bus when FRYX-I 
goes high and removes the data when DRYX-I goes high. 
BIG keeps TAKX-B tow until the end of the transfer when 
lUAX-l goes high. 

4.3.5 Transfer Termination 



of the initial and final registers. The peripheral controller 
generates a low BCDX— B. This causes a low DESX— B to 
be sent to the peripheral controller. The peripheral con- 
troller responds with a high CDCX— B. This causes the BIG 
to assume a not busy state. The transfer of data is thus 
terminated. After an abnormal device stop, the processor 
can read the contents of the initial register to determine 
the number of words that were transferred. The number 
in the initial register will be the address of the last word 
transferred plus one. 



An abnormal device stop can occur as a result of any of the 
following situations: the length of the data block is 
unknown, and the device has detected the end of the data; 
the peripheral controller has detected an invalid operation 
of the device; the processor has issued an instruction to 
stop the operation of the peripheral device. 



When the contents of the initial and final registers become 
equal, the comparator circuit generates a high lEFX— . This 
creates a low DESX— B which is sent to the peripheral 
controller. The peripheral controller then causes GDCX— B 
to go high. This causes the BIG to assume a not busy state. 
The transfer of data is thus terminated. 

When an abnormal device stop occurs, the peripheral con- 
troller terminates the transfer without regard to the contents 



Another abnormal stop is created when an error is detected 
by the memory map during a BIG operation. The error 
causes BIMES— I to go low. This causes a low DESX— B 
to be sent to the peripheral controller. The peripheral con- 
troller responds with a high GDGX— B. This causes the BIG 
to assume a not busy state. The transfer of data is then 
terminated. 
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SECTION 5 
MAINTENANCE 



Maintenance personnel should be familiar with the contents 
of this manual before attempting to troubleshoot the BIC. 
The Varian MAINTAIN II test program system (Test Pro- 
grams Manual, 98 A 9952 06x)* contains a BIC test program 
used to test various phases of the BIC operation. Further 
diagnosis can then be made by referring to this manual. 

5.1 TEST EQUIPMENT 

The following test equipment and tools are recommended 
for maintenance: 

a. Oscilloscope, Tektronix type 547 with dual-trace plug-in 
unit, or equivalent. 

b. Multimeter, Triplett type 630 or equivalent. 

c. Soldering iron, 39-watt pencil type. 

d. Card extender VDM p/n 44P0540. 



5.2 CIRCUIT-COMPONENT IDENTIFICATION 

All reference designations used in the logic diagram appear 
on the BIC board adjacent to each component. Component 
part numbers can be found in the parts list in volume 2. 



5.3 CIRCUIT-BOARD REPAIR 

If it has been determined that circuit-board repair is 
required, it is recommended that the Varian Data Ma- 
chines customer service department be contacted so that a 
new circuit board can be installed in the user's system and 
the faulty one returned to the factory for repairs. However, 
if the user decides to perform his own repairs, caution 
should be used so that the circuit board is not permanently 
damaged. Approved repair procedures should be followed 
such as the ones described in document IPC-R-700A 
prepared by the Institute of Printed Circuits. 



"The X at the end of the document number is the revision 
number and can be any digit through 9. 
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SECTIONS 
MNEMONICS 



Table 6-1 provides an alphabetized list of the signal 
mnemonics used in the BIC. 



Table 6-1. Mnemonics 



Mnemonic Description 

ACEX Activate enable. Stores activation 

of BIC. 

ADSX Abnormal device stop. Stores end 

of data from peripheral controller. 

BCAX Buffer controller activate. Stores 

the activation of the BIC and the 
peripheral controller. 

BCDX Buffer controller deactivate. 

Initiates termination of data 
transfer by the peripheral 
controller, 

BIMEES BIC map error stop. Stores the 

map error indication during a 
BIC operation. 

CARx Carry out. Increments the next 

higher position of the initial 
register on overfiov^. 

CDCX Controller device connected. 

Indicates that the peripheral 
controller to be connected is 
connected. 

CLEX Clock enabled. Enables the 

initial register to be incremented. 

DA Device address decode. Gates the 

device address from the I/O bus. 

DCEX Device connect enable. Enables 

the selection of a peripheral 
device. 

DESX Device stop. Stores the require- 

ment to stop the peripheral device. 

DRYX Data ready. Indicates the I/O bus 

contains a word of data. 

DSTX Device stop enable. Stores the 

end of the data transfer. 

EBii E-bus bit. Address or function 

code bits from the I/O bus. 



Mnemonic Description 

EKBR Enable loading of key bit register. 

Gates the key bits into the key-bit 
register. 

FRYX Function ready. Indicates the I/O 

bus contains an address. 

FiiX Final register bit. Stores bit ii 

of the final address. 

lEFX Initial equals final. Indicates 

that the contents of the initial 
register is equal to the contents 
of the final register. 

IFMX Initial equals final memory, Clears 

the BIC active flip-flop when the 
contents of the initial register is 
equal to the contents of the final 
register, 

INIT Initialize. Resets BIC flip-flops 

to their initial condition. 

INTX Interrupt request. Used to request 

an interrupt when the block transfer 
is complete. 

lOKi Key-bit register output i to I/O bus. 

lUAX Interrupt acknowledge. Indicates 

that the processor is ready to send 
or receive data. 

lUCX Interrupt clock. Provides timing 

for servicing BIC. 

liiX Initial register data bit. Stores 

bit ii of the initial address. 

LFRX Load final register. Loads data on 

I/O bus into final register, 

LFXX Load final. Gates the I/O bus 

contents into the key-bit register 
when EKBR is set. 

LIXX Load initial register. Loads 

data on I/O bus into initial 
register. 

MESX Map error stop. Indicates that 

there was a memory map error 
during a BIC operation. 



(continued) 
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MNEMONICS 



Table 6-1. Mnemonics (continued) 
Mnemonic Description 



OIRX Output initial register. Gates 

contents of initial register and 
key-bit register onto the I/O bus. 

PLUP Pullup voltage. 

PRMX Priority in. Gives priority to 

BIG. 

PRNX Priority out. Passes priority to 

next in line after BIG is serviced. 

RIXX Read initial register. Stores 

requirement of processor to read 
contents of initial register. 

RTPDi Reset trap detect. Resets the trap 

request detection flip-flop. 

SERX Sense response. Indicates whether 

the BIG is busy. 

SYRT System reset. Generates initialize 

signal when SYSTEM RESET is pressed. 



Mnemonic Description 

TAKX Trap acknowledge. Indicates that 

the requirements for data transfer 
have been met. 

TCOX Trap command. Synchronizes trap 

request with interrupt clock. 

TPDX Trap request detect. Detects the 

peripheral controller request for 
a trap. 

TPIX Trap in. Indicates that the BIG 

is ready to transfer data to the 
processor. 

TPOX Trap out. Indicates that the BIG 

is ready to transfer data from 
the processor. 

TROX Trap out (from peripheral). Indicates 

the direction (in or out) of the data 
transfer. 

TRQX Trap request. Indicates that the 

peripheral controller is ready for a 
data transfer. 
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SECTION 1 
DESCRIPTION 



1.1 



Introduction 



The UASC (Universal Asynchronous Serial Controller) is a versatile character bufferea 
serial controller which can operate in both half or full duplex modes. Four Interfaces 
are available to the user: RS232, Current loop, relay and DTL/TTL. The DTL/TTL 
interface is always on the controller where as the RS232 or Current Mode or Relay 
interfaces are selected at time of purchase. The controller is not a data set controller 
but intended for use on direct connect interfaces. 

The controller is capable of operating with one start bit and one or two stop bits, 
5,6,7, or 8 bits of data, parity or no parity bit, and odd or even parity. Several 
operating frequencies from 9600 baud down to 45 baud are possible. All options 
and operating modes will be set up for the user by VDM, if all requirements are supplied 
at time of purchase. If the user does not specify the set up for the UASC, the RS232 
version will be set up for 1200 baud with no parity, 8 bits of data and one stop bit. 
Also, the Current Mode version will be set up for 1200 baud with no parity, 8 bit^ 
of data and one stop bit. In addition, the relay version will be set up for 1 10 baud 
with no parity, 8 bits of data and two stop bits. Transmit and receive rates will 
always be equal. The user con easily modify the controller to his data transmission 
format by placing jumpers on the board as described in section 1.2.2. 



1.2 Functional Description 

Reference Block Diagram (Figure 1. 1). 



1.2.1 Timin 



£ 



Transmit and Receive clocking to the LSI transmitter/receiver circuit is derived from 
a 4.608 meg Hz crystal oscillator. A clock rote is derived by setting up the 
appropriate count in the 12 bit counter. The clock is set up to provide a clock 
rote 16 times the transmit/receive rote. See Figure 1,2. 
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FIGUItE 1.2 -H lAUD RATE SELECTION CHART 



Baud Rate 


Div. By 


El. 


E2 


E3 


E4 


E5 


E6 


E7 


E8 


E9 


ElO 


Ell 


E1I2 ' 


9600 


15 




X 


X 


X 


















4800 


30 


X 




X 


X 


X 
















2400 


60 


X 


X 




X 


X 


X 














2000 


72 


X 


X 


X 








X 












1800 


80 


X 


X 


X 


X 






X 












1200 


120 


X 


X 


X 




X 


X 


X 












600 


240 


X 


X 


X 


X 




X 


X 


X 










300 


480 


X 


X 


X 


X 


X 




X 


X 


X 








150 


960 


X 


X 


X 


X 


X 


X 




X 


X 


X 






110 


1309 






X 


X 


X 








X 




X 




75 


1920 


X 


X 


X 


X 


X 


X 


X 




X 


X 


X 




45 


3200 


X 


X 


X 


X 


X 


X 


X 








X 


X 



Note that jumper values are selected at one less than the desired divisor value. Other 
baud rates can be derived by the following formulas 



•^BR-1 



D = 
CR = 
BR = 



P =vtR J, 16V 



or 

( 144,00) -f- BR- 1 

Divisor 

Clock or Oscillator Rate 

Baud Rate desired 



Note: Remainder should not exceed 1% oiF BR. 

Jumpers El through E12 are placed on the controller (above the large chip) per the 
above chart. 
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FIGURE 1.1- FUNCTIONAL BLOCK DIAGRAM 



I DMA 

'-"A 7K 



>Sl 



e^ 620 I/O Bus 



PIM 

7F 



1l 



BIC 



Ogtional 



W 



J 



O 



PIM Drivers 

^r~ 



Sense 
Logic 



M. 



I/O Bus Data and Control 



Control 
Logic 



8 bits 



Parallel/serial out 
Serial/parallel in 







Driver/ 
RS232 Receiver 



Current Mode 
Driver/Receiver 



Relay Input/Outpi 



Choice of four user interface circuits. 



_-, ,--, Driver/ 
DTL/HL Receiver 



ttmatKmfiemtmmtKr^ 






1.2.2 Formar S«l«cHon 



Formaf selection is accomplished prior to initial operation or hookup to the serial 
device to be controlled. Choice of combinations of five jumpers will provide the 
following variations: One or two stop bits, 5-6-7 or 8 data bits, odd parity, 
even parity or no parity. (See Figure i.3and 1.4.) 



1.2.3 620/|/OBus 



The I/O interface is an 8 bit interface to the 620 16 bit I/O. The most significant 
8 bits are not used in the 16 bit data word. DMA data transfer in or out of the 
620 is possible in conjunction with the SIC option. It should be noted that although 
this controller has full duplex capability, the BIC can only be connected to the 
transmit functions or to the receive function (not both at the same time). 



1.2.4 Transmit Section 

Data is transferred from the 620 I/O to the 8 bit parallel buffer register in the 
LSI circuit. The 8 bits ore then transferred into the serial shift register and shifted 
out serially with the least significant bit (bit 0) shifted out first. A zero or "space' 
bit is inserted at the beginning of each serial word. This "Start Bit" preceeds the 
5,6,7, or 8 data bits and the parity bit (if selected) and the "Stop Bit"(s). The 
stopbit(s) is a "1" or "mark" bit. 



1.2.5 Receive 



Data is received into the serial shift register with Start Bit first followed by 5,6,7, or 8 
data bits (least significant bit first), a parity bit (if selected), and 1 or 2 Stop Bits. 
When the complete character it shifted into the serial register, it is transferred into 
the parallel bi^er register, immediately after loading the parallel register, the 
Input Ready Sense line is made "true". Inputting the character will set Input Reodv 
"false". Both Transmit and Receive functions ore character buffered and operate 
independently. The format of tKe data being received must be the some as that 
selected for proper operation. 



1.2.6 Control Logic 

The Control Logic provides direction control for data transfer to and from the I/O bus, 
BIC connect control. Initialize control, ard control of on external line (option enable/ 
disable). 



1 
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FORAAAT SELECTION CHART 



Jumpers Added 


E13 


E14 


E 15 and 16 


E15 


E16 


E17 


Jumpers Omitted 


E13 


E14 


E 15 and 16 


E17 



Result 

Parity Bit Enabled 

One Stop Bit 

Five Data Bits per character 

Six Data Bits per character 

Seven Data Bits per character 

Odd Parity Bit 



Result 



Parity Bit Disabled 

Two Stop Bits 

Eight DataBits per character 

Even Parity Bit 



Typical ASCII devices use one start bit, 7 data bits and one parity or 8 data bits, 
with one or two stop bits. 
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ASYNCHRONOUS FORMAT EXAMPLES 



MSB 



->LSB 



Stop 



Parity 
Jit- 



Bit 
8 



Bit 

7 



Bilr 
.-6. 



Bit 

5 



Bit 

4 



Bit 

3 



Bit 
2 



Bit 

1 



Start 
Bit 



a) 8 Data Bits Sebdted 

b) Parity Bit Selected 

c) One Stop Bit Selected 







MSB 




Stop 
Bit 


Stop 
Bit 


Bit Bit 
8 7 


Bit 
6 



This is a good format for 
CPU to CPU. 



LSB 



Bit 

5 



Bit 
4 



Bit 
3 



Bit 
2 



Bit 
1 



Start 
Bit 



a) 8 Data Bits Selected 

b) Parity Bit not Selected 

c) Two Stop Bits Selected 



Typical for VDM teletype 
ASR33 and 35. 







MSB 


^ > LSB 




Stop 
Bit 


Parity 
Bit 


Bit 
7 


Bit 


Bit 
5 


Bit 
4 


Bit 
3 


Bit 
2 


Bit 

1 


Start 
Bit 



a) 
b) 
c) 



7 Data Bth Selected 
Parity Bit Selected 
One Stop Bit Selected 







MSB 




>LSB 




1/2 Stop 
Bit 


Stop 
Bit 


Bit Bit 
5 4 


Bit 

3 


Bit 
2 


Bit 
1 


Start 

Bit 



a) 5 Data Bits Selected 

b) Parity Not Selected 

c) Two Stop Bits Selected 



Typical Baudot code 
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^•2.7 Sense logic 

The Sense Logic provides tfofus information to the operating proyam. Status of 
Input and Output data registers, three error indications, and an external input line 
can be monitored. 



1.2.8 PIM Drivers 



Three PIM Drivers are made available. One line indicates Input Ready. A second 
line indicates Output Ready* A third indicates either an Input Overflow Error 
or a Frame Error (Bredc). An Overflow Error indicates a second character was 
transferred to the parallel buffer register before the first character was Input. 
A Frame Error indicates that the first stop bit received was not a "1" bit. The program 
can detect that a "Break" character was received by verifying that the character received 
with the Frame Error indication was also on "All Zero" character. Typically, a 
'Line Break" is more than one consecutive character time. The UASC can receive 
but cannot transmit a "Line Break". 



1.2.9 RS232 Driver/Receivers 



The RS232 version fulfills the electrical characteristic requirements of EIA-RS232 
B and C. Transmit data, receive data, a control line out and a status line in 
are implemented with RS232 drivers and receivers. 



1.2, 10 Current Mode Driver/Receiver 



Transmit Data and Receive Data lines only ore implemented with this interface. 
This current loop is capable of operation from 20MA to 60MA at voltages not 
to exceed 120V across the Transmit Driver. The current loop provides isolation 
greater than 10 meg ohms at SOOVdc. Detailed specifications are in section 2.2 

1.2.11 Relay Input/Output 

The relay input/output section is mechanized mainly for use as a Teletype Interface. A 
2.2K -2 Watt resistor In the Transmit or output circuit and a 2.7K - 2 Watt re:istor 
in the Receive or input circuit are provided as dropping resistors to facilitate 
connection to the teletype provided line battery source on models 33 and 35. 
The line battery is a Teletype Option. 

The resistors can be bypassed to provide a 20Ma - 12Vdc input/output circuit. Etched 
pads are made available for this purpose. 
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The reloys ore q "Reed" type relay which will function oorrectly from to 300 
baud (150 operoHons per second max). 



1.2.12 DTL/TTL Driver/Receiver 

The Transmit/Receive Data Lines, as well as the option driver line and option 
status line, are- made available to the user for direct connect to DTL/TTL interfaces. 
These lines should rK>t exceed 20 feet in cable length. The three previously described 
interfaces are.routed through the DTL/TTL Receivers via the input connectors 
(Jl and J2). 



1.3 Logic Mnemonics List 

BRYX 

BTIA 

BTOA 

CLK 16 

CDCX 

CODX 

DAXX 

DRYX 

DTIX 

DTOX 

E/B Int 

EBXX 

EPE 

FE 

FNCODX 

FRYX 

FUNCA 

INIT 

OE 

OPIN 

OPON 

0SC 

CJSC 1 

PE 

PI 

RCRDY 

RCRINT 

RD 

RDl 



BIG Date Ready 

Byte Transfer In 

Byte Trarssfer Out 

Clock, 16 times data rate 

BIC Controlled Device Connect 

Function Decode - CODO thru COD7 

Device Address 

Data Ready, I/O 

Data Transfer In 

Data Transfer Out 

Framing Error or Overrun Error 

620 I/O Data Lines - EBOO thru EB15 

Even Parity Select 

Framing Error on line break 

Function Code EXC thru EXC7 

Function Ready I/O 

Function order any EXC command 

Initialize 

Overrun Error 

Option Status Line 

Optional Control Line Command Storage 

4.608 Mhz Oscillator Output 

2.304 Mhz Clock Rate 

Parity Error 

Parity Enable Line 

Receive Data Buffer Ready 

Receive Data Readv Interrupt 

Receive Data DTL/TTL Input 

Receive Data Cunrent Loop Input 



1 
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Logic Mnemonics List 

RD2 Receive Data RS232 Input 

RD3 Receive Data Relay Input 

RSFF+ Clock Counter Rfeset Flip Flop 

RRX Received Data - 8 bits parallel 9 thru 7 

SBS Stop Bit Select 

SD Send Data (Transmit) 

SERX Sense Response 

TXRDY Transmit Data Buffer Ready 

TXRINT Transmit Ready Interrupt 

WLS 1 Data Bits per Word Select 

WLS2 Data Bits per W6rd Select 
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SECTION ii 

INTERFACE AND CONNECTIONS 



2.^ RS232 Option 

Conforms to EIA RS232 B and C as applicable. 

2.1.2 Logic = +4to+24V 



2,2 Current Mode OpHan 



2.2.1 Driver Specification (Note 1) 

Collector Emitter Voltage V^EO ISOVdc Max 

Collector Current r Continuous I 500 MAdc Max 

Total Dissipation @25°C P^ 1 Watt Max 



2.2.2 Receiver Specification ( Note 1) 

Input Forward Voltage Drop Vp 1.5Vdc Max 

Input Forward Continuous Current Ip 60MA Max 



2.2.3 Isolation 



1 



Common Mode Protection 500V dc 

Common Mode Resistance 10 Meg Ohms 



2.2.4 Logic = No loop current 

Logic 1 = Loop current (20 ma min) 



NOTE 1: Current limiting resistors (2 .OK - 2W) are mounted in the input and output 
circuits. Values of these resistors may require change or shorted out. Current ratings 
above must not be<.iexceeded . 



i 



Logic 1 = OV to -24V '>i 

{ 

I 

\ 



^ ., «?• 



ci 
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2.3 Relay OpHon 




2.3.1 Input (Note 2) 




Relay Input Coll Rating 


12.5Vdc max. 


Relay Input Coil Resistance 


1250 ohms 


2.3.2 Output (Note 2) 




Reed Relay Contact Closure - 


Form A 


2.3.3 Isolation 




Common mode resistance lOMeg Ohm @400Vdc 


2.3.4 Logic = No current 




Logic 1 = Current (10 


ma min) 



. «l 



Note 2: Current limiting resistors of 2.7K in the input side and 2. OK in the output 

side may be changed or shorted out. Caution must be used not to exceed 100 Ma through 

relay coil. 



input 



2.4 



2.4.1 



DTl/TTL (not availabte when used with RS232) 



Input 



Both inputs present a lOMa load at +5Vdc to the user. 

2.4.2 Output 

Both drivers are capable of sinking 50Ma at +5Vdc. 

2.4.3 Logic = > +2.4Vdc 
Logic 1 = Q + .5Vdc 
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FIGURE 2.1 



fINASSIGNAAE NT CHART 


RS 232 


FUNCTION piMinrATioM 


Serial Data Transmit 


J2-36 


Return 


J2-35 


Serial Data Receive 


J2-42 


Return 


J2-41 


Data In (Jumper) 


J2-44toJ2-28 


Optional Use Control Line 


J2-34 


Return 


J2-33 


Optional Use Status Line 


J2-40 


Return 


J2-39 


* CURRENT MODE VERSION 


FUNCTION 


PIN LOCATION 


Serial Data Transmit + 


J2-4 


Serial Data Transmit - 


J2-10 


Serial Data Receive + 


J2-24 


Serial Data Receive - 


J2-18 


Data In (Jumper) 


J2-26 to J2-28 



CAUTION: Excessive reverse current may damage the current mode Interface 
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REUY VERSION 



FUNCTION 



Serial Data Transmit + 
Serial Data Transmit ■*> 

Serial Data Receive + 
Serial Data Receive - 
Data In (Jumper) 



PIN LOCATION 



J 1-26 
J 1-20 

J 1-36 
J 1-38 
J 1-40 to J 1-2 



* DTL/TTL CONNECTION 


FUNCTION 


PIN LC 


Serial Data Transmit 


J2-2 


Return 


J2-1 


1 

Serial Data Receive 


J2-28 


Return 


J2-27 


Optional Use Control Line 


J2-22 


Return 


J2-21 


Optional Use Status Line 


J2-38 


Return 





*Note: The above Driver/Receiver cannot be used when the RS232 Driver/R 
are in place. 



ecei vers 




varian data machines 



CODE 
IDENT NO. 

21101 



98A0767 



96A0039-000B 



Jc 



SH 17 OFS2>i«tv^ 



HMWMaUl'''' 



1 



FIGURE 2.2 



DEVICE ADDRESS :5ELECTION 

^ , ,. . 1 




---i 

i 


JLh 


S DIGIT 


UNITS DIGIT 


D.A. 


JUMPERS 


D.A 


JUMPERS 


i 

i 


OX 


76 to 83 


77 to 85 


78 to 87 


XO 


66 to 65 


69 to 68 


1 

72 to 71 


IX 


76 to 82 


77 to 85 


78 to 87 


XI 


66 to 64 


69 to 68 


72 to 71 1 


2X 


76 to 83 


77 to 84 


78 to 87 


X2 


66 to 65 


69 to 67 


72 to 71 j 


i 3X 


76 to 82 


77 to 84 


78 to 87 


X3 


66 to 64 


69 to 67 


72 to 71 : 


4X 


76 to 83 


77 to 85 


78 to 86 


X4 


66 to 65 


69 to 68 


71 to 70 


5X 


76 to 82 


77 to 85 


78 to 86 


X5 


66 to 64 


69 to 68 


72 to 70 


6X 


76 to 83 


77 to 84 


78 to 86 1 


X6 


66 to 65 


69 to 67 


72 to 70 1 


7X 


76 to 82 


77 to 84 


78 to 86 


X7 


66 to 64 


69 to 67 


72 to 70 



All pins on this page are on the I/O Bock Panel. 



. 


INTERRL 


PT (PIM, LINES) 




Suggested 


1 FUNCTION 


PIN 


Order 
of Priority 




Transmit Data Reg. Ready 


89 




#2 




Return 


90 








Receive Data Reg. Ready 
Return 


91 
94 




*1 




Error or Break Interrupt 


93 




»3 




Return 


94 


i 










-J 
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2.5 



Device Address and PIM Drivers 



The DA for fhe UASC is wired on I/O back panel. The erf We address, both 
octal digits, must be properly wired for the selected address. DA02 is the first 
standard address. Add 6 jumpers for the address selected per Figure 2.2. 

The PIM drivers are implemented as pulse drivers and can be tied together as an 
"or" function or can be used on o one for one basis. The program must sense all 
three functions per intenrupt if all are tied together to one PIM input. Reference 
Figure 2.2 for pin connections. 
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SECTION Mi 






PROGRAMMING - UASC 




3. 1 InsfrucHon Set 






Execute Instructions 






EXCO 


100QXX 




EXC 1 


100 IXX 




EXC 2 


1002XX 




EXC 3 


1003XX 




EXC 4 


I004XX 




EXC 5 


1085XX 




EXC 6 


1006XX 




EXC 7 


1007XX 




Sense Instructions 






SEN 


lOlOXX 




SEN 1 


lonxx 




SEN 2 


1012XX 




SEN 3 


1013XX 




SEN 4 


I014XX 




SEN 5 


T015XX 




SEN 6 


T016XX 




SEN 7 


1017XX 




Data Transfer Instructions 




OAR 


103 IXX 




OBR 


1032XX 




OME 


103CKX 




INA 


102 IXX 




INB 


1022XX 




IME 


102aXX 




CIA 


1025XX 




CIS 


ld26XX 




Standard Device Address 


is as follows: 




1st Unit = 02 






2nd Unit = 03 






3rd Unit = 04 






4th Unit = 05 






5th Unit = 06 


DA 01 may be 




6th Unit = 07 


in a system. 
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Connect BIC (output) 
Connect BIC (output) 
Connect BIC (input) 
Not used 

Initialize Controller 
Connect BIC (input) 
Enable (option) 
Disable (option) 



Frame Error or Break 
Output Ready 
Input Ready 
Not used 
Input Parity Error 
Not used 
Sense (option) 
Input overflow error 



XFER "A" reg lo controller 
XFER "B" reg to controller 
XFER Memory to controller 
XFER Data to "A" reg 
XFER Data to "B" reg 
XFER Data to Memory 
XFER Data to cleared "A" reg 
XFER Data to cleared "B" reg. 



DAOl may be used If UASC is used on the first teletype 



ja^fl262i 



c 



SH ZO"^' 53'''=- * 



96A0039-000B 



3.2 Expfcination of Instruction Set 

3.2.1 EXC Instructions 

EXC and EXC 1 are both (either one) used to connect the BIC to output control of 
theUASC. 

EXC 2 and EXC 5 are both (either one) used to connect the BIC to control input 
of the UASC. The multiple BIC connect instructions are implemented for compatibility 
of the UASC, Teletype Controller, Paper Tape Controller, etc. , instruction sets. 
The EXC 6 and EXC 7 Instructions are used to turn on optional control line on and off. 
EXC 4 is used to reset all functions on the UASC. 

3.2.2 Sense Instructions 



SEN 0, Frame Error or Break, is used to detect that a character received did not 
have 'mark" or"l"stop bits. The program can check the received character to 
verify that the data was ail "zeros". If the data was ail zeros and a Frame Error was 
sensed, a "Line Break" was received. If fhe.data was not all zeros, the error was 
probably a "hit ' on the line or noise. 

SEN ] and SEN 2 indicate the status of the Transmit and Receive buffer registers. 
SEN 4 indicates, when true, that a parity error has been detected on a character 
received. 

SEN 6 indicates the status of an optional status line. SEN 7 indicates that another 
character was received before the prior character was removed from the input register 

3.2.2 Data Transfer Instructions 

These instructions are self explanatory. See 3. 1. 



3.2.3 Interrupts 

The interrupt functions are implemented on an individual system basis. SEN 1 and 
SEN 2 are implemented with individual drivers. SEN and SEN 7 are "ORed" 
together on the same driver. All may be "ORed" together if desired. 
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3.3 Worcj/Choracter Format (UASC to CPU) 

Only data is transferred. Parity, if selected, is not transferred as part of data to ci fron 
the CPU. 

3.3.1 16 Bit Word - 8 Bit Characl^er 



15 



8 



Not Used 



"i: 



.Jfc 



Z] 



8 



Transmitted or received character 



3.3.2 16 Bit Word - 7 Bit Characl^er 



[' 



5 


7 


6 















'"A 

Jl L. ., 




Nof 


used 




7 




1 



Transmitted or received character, 



3.3.3 16 Bit Word - 6 Bit Character 



3.3.4 



15 



T 



Not used 









1 



Transmitted or received character, 
16 Bit Word - 5 Bit Character 



15 



T 



Not used 



I 



Transmitted or received character 
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SECTION IV 
APPLICATION DATA 



4.1 



Gonerql Data 



As previously mentioned In Section I, the controller Is avaMable in several versions 

types makes it adaptable for use in many applications where a serial bIt/non-modem 
type inter ace is required. It Is suggested that the user read and study thirenT^e 
section prior to ottefmptlng operation. ^ 

iMlYltl^'V'''^" '^^. ^'^'''' ^^«''°<^^«^'^^'« of each model along with the 
cable length/rate restrictions. y '" ^.^e 



Model 



FIGURE 4.1 



RS232 



Serial Rate, BPS 
(bits per second) 



Current 
Mode 



45 to 9600 bps 
depending upon 
cable length 
(See Fig. 4.2) 

Same as RS232 



Character 
Size 



■•I'WI IIM I ifci^ 



Rel 



ay 



5f6,7, or 8 level 
(bits). Parity bit 
(If any) is added 
to the data bits. 

Same as RS232 



Stop Bit 



One or 
Two 



Same 

as 

RS232 



Cable and 
Distance 



"~1 1 

Miscellaneous I 



45 to 330 bps. 
Typically would 
be 75 or 110 bps. 
Relays will not 
operate reliably 
at higher than 
300 bps. 



Same as RS232 



Same 

as 

RS232 



Standard 
length=20ft. , 
optionally 
up to 100ft. 

Standard 
length=20ft. 
optionally 
up to more 
than one mile 

Same as 
current mode 



User must 
provide "line 
battery" for 
loop current. 



Same as 
current mode 




96A0039-OOOB 
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4.2 



CcibU L<n#h VTtut Rote o t Operation 



As noted in Figure IV, the RS232 model cable length is restricted to 100'. Tlie 
RS232 interface is not isolated and operates In a voltage mode as set forth in 
RS232 B and C. Therefore, the maximum cable distance must be observed. RS232 
Is typically restricted to 50 feet of cable distance, but usually operates well up 
to 100 feet. The other models operate on a current loop (isolated interface) basis and 
cables can be much longer. Table bekw gives some general guidelines. Cables should 
be twisted pair using 24 gauge (or larg€»r) wire. Note that maximum operating rate 
of the relay version is 330 bps so Figure 4„2 applies primarily to the Current Mode 
version. 



FIGURE 4.2 


Cable Length 


Rate in BPS 


Distance up to 1 ,000 feet 


10,000 bps maximum 


Distance up to 2,000 feel 


4,800 bps maximum 


Distance up to 3,500 feet 


1 ,800 bps maximum 


Distance up to 5,000 feet 


900 bps maximum 


Distance up to 10,000 feet 


300 bps maximum 



4.3 



Version Selection 



The three versions of the controller will cover a wide field of applications. 
The version of controller to be used depends primarily on the peripheral device interface 
For example, a full-duplex terminal with an RS232 I.F. (capable of operating 
with a 103 or 202 modem), but located within 100' of the computer, can usually be 
driven via the RS232 version controller by adding a few jumpers at the peripherals 
(modem) connector. Typically, the modem control leads are jumpered "on" simulating 
the presence of the modem. "On" can be maintoined by tying +12Vdc thru the IK 
source to the control lead pins. 

In the case where a user needs an isolated interface, he would use the current rr.ode 
or relay version of the controller. 

The data below will assist users in configuring workable systems. Several application 
cabling examples are shown for each version of the controller following the general 
discussion of cabling, full/half duplex, 20/60 ma and line battery implementation. 
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^•3.1 FulhHolf Duplex Discussion 

All models can operate in a Irue (simultaneous send and receive) full duplex manner 
or in a send only, receive only, send or receive - half - duplex manner. 

If the controller is cobled up in a full duplex (4 wire) manner, It will not see a 
reflected (echoed) input of what it is sending. If, however^ the controller is cabled 
up in a half-duplex manner (only one pair of wires used), the outputted data on 
the send circuit will be reflected (echoed) back into the controller's receive section 
as input. The CPU software must ignore this "echoed" input during output of a 
message in this case. See cabling examples and discussion of signal routing. 



4.3.2 20/60 MA Current Mode Operation 

The Current Mo4e interface is limited at 20 to 60 MA operation. Two 2K-2 Watt 
dropping resistors are provided for use with a fixed voltage current source such 
as a model 33 or 35 teletype. Etched pqi^ are provided for jumpering out the 2K 
resistors if a variable voltage current source (line battery) is available. The 
current loop interface provides DC isolation up to SOOVdc. If the user supplies 
the line battery, this isolation will be maintained. If loop current is derived from 
the 12V source on the controller board, isolation at the controller end is lost. 



^'^'^ Relay Current Loop Operation 

The relay current loop is limited to 20 to 60 MA operation as well as the discrete 
current loop. 2K-2 Watt dropping resistors are provided for use with fixed voltage current 
sources (line battery), such as a model 33 or 35 teletype. Normal relay isolation 
is obtained with this interface when line battery is supplied by user. 



4.3.4 One and a Half Stop Bits 

Although the user has the ability to select only one or two stop bits, he con operate 
with a 1-1/2 stop bit format. This is done by simply selecting two stop bits. For 
a Transmit function, the end result is that the maximum transfer rate is lowered by 
1/2 bit time per character. For Received data, the controller ignores the second 
stop bit completely. Thus, the 1/2 bit time can be handled nicely and without 
noticable speed reduction . 
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4.3.5 



Line ^^^Y Requiremenfs 



VDM may provide a controller only or a peripheral device along with the controller. 
If both the controller and VDM peripheral device Is provided, VDM will supply 
"line battery". If VDM provides the controller only, the user (or peripheral supplier) 
will normally supply "line battery". 



4.3,5.1 What is "Line Battery"? 

This Is normally a power source (supply) capable of providing enough current for 
"loop" operation. In the case of a 20lma, full duplex loop application, a power supply 
capable of supplying 20ma to both loop.i is required. Voltage for proper operation 
of the VDM current loop (or relays) can hti from 12V to lOOV at 60ma maximum. 
Besides the power supply itself , a means of adjusting (and/or regulating) the amount 
of current Is required. A trimpot or fixed resistor network (per loop supplied) is adequate 
One 'battery" supply con supply many current loops; Typically, a one amp, 24Vdc 
supply could handle 20 (20ma-full duplex) controller-peripheral device hookups. 
VDM suggests usage of d barrier strip appr<xich for a multiple relay type loop Installation. 
See next pages. Use of an isolated "separate" power supply is the preferable method 
of implementing line battery. 



4.4 



Assembly of Coble (to peripheral device) 



VDM provides a 20' open-ended coble kit with each controller. This cable kit f 

includes a 44 pin Burndy type edge-on connector and hood, extra pins, and two 
twisted pairs in a jacket. The user mckas up his coble to fit the application. See 
the examples for each type of controller. The coble routes from the top or bottom edge 
connector lobled J 1-J2 on the controller, to the peripheral device. (Reference: figure 2. ]) 
The two pairs provided In the 20'cable kit ore needed for "send" signals and "receive" 
signals. The twisted pairs ore connected to the 44 pin connector as shown on the following pages 
Wires required for operation with the (option) control and status lines are not included. 



44 pin 



Cont 
Bo 



ard 



PI 



Jl 



J2- 



{?- 



(20') 




Rece 



I ve 



Users must determine the proper pin numUn; at the peripheral device If the peripheral is 
not supplied by VDM. 



[viy 
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4.4.1 Line Boftery Hookup 



4.4.1.1 Line BoHery/Device Hookup - Half/Duplex 



Relay UASC 
ConlToiier 



Transmit 



Tl 



User 



VNAAAA 



^ — 


20 






2 

3U 


J 



Line Batteiy 



Recei ve 



J~t 



38 



4.4. 1.2 Line Battery/Device Hookup - Full Duplex 

Controller 



T» 



User 



AAAA'X/ — 4 



Transmit 



■*-\z 



TU 



II 



^ r- 

p - 



Receive 






J^*— Line Battery 



HI 



AA/VW 



wvW 






Note; Line Battery can be from one source if separate current limiting resistors are used, 
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4.4.1*3 Line Bqttery/bevice Hookup - Full Duplex 
Current Mode UASC 
CQidTgQULER 

jz r 




r 






— — AAAAr 



-Hi|^ 



e& 










za 







JUIAPCB 



— — WyVAr 



— ^i|^ 



iBE£ 



n 



1 



Note: As in 4.4. 1.2, line battery can be one source if separate current limiting 
resistors are used. 
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4.5 



Exomplest Utaqe of RS232 



^•5.1 Exompie^l - Dotq Set Coupler 

ASR-33 Teletype equipped with a dataset coupler. 

Hardwire controller to llObps, 2 stop bits, no parity, 8 bits. Hook-up coble as shown. 



r 



CPU 



I.O 



UASC 
Controller 



3 



RS/232 l/F 

. — Data Set 
T t: [__j Coupler 

Coble = up to 1_ 

100* maximum length 



TTY 



Dotoset coupler 
Jhis is on RS/232 adapter 
ndltmaliy used to interface 
to a 103 dotoset 



Signal Routing 

UASC 

Pin . 



Signal 



J2-36 
J2-35 

J2-42 
J2-41 
J 2-44^ 

J2-30 



SD 
(R) 

'RD 
(R) 



+v 



t 



t 



Jumper 



Dotoset Coupler 
Signal 

RD 

(R) 

SD 

(R) 



CO-CTS-DSR 
Tie to +V for "on" condition 



® 
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4.5.2 Example *2 - CRT Hookup 

CRT with RS232 l/F (202 Modem).. Hdrdlwiire:onfroller to rote desired: Probably, 1200, 
2400, or 4800 bps, 8 bits, 1 stop bit, iiMsrity. 




:^>| [j 



CRT 



Cabling 

UASC 

Pin 



J2-36 
J2-35 
J 2-42 
J2-41 



J2-30 



J2-44 



J2-28 



Signal 



SD 

(R) 
RD 

(R) 



t 



t 



CRT 

Signal 

RD 

(R) 
SD 

(R) 

CTS 
CO 
DSR 



a 



Xm. *^ p« ** 
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4. 5, 3 Exomple H - 620 CPU to 620 CPU 



Hardwire the controller to 2400, 4800, or 9600 bpi. Set character size to 8 bits 
plus odd or even parity, one stop bit. Hook up the cable as shown. 



CPU #1 



620^1 




CPU #2 



1 



J^^v-jl 



UASC ^2 \ 






! 620 ''2 



RS232 
Interface j 



Cablln 



a. 



^1 Controller 



Pin 

J 2- 36 
J2-35 
J2~42 
J2-41 
J2-44 ♦- 
J2-28 



Signal 



SD - 
R - 
RD - 



^2 Controller 

Signal 

RD 

(R) 

SD 

(R) 



Pin 



Jumpers 



J2-42 
J2-41 
J2-36 
J2-35 
-*► J2-44 
J2-28 



There are no control leads to "tie on" in this case. 



J2-34 
J2-33 
J2~40 
J2-39 



OPC 

R 
OPS 

R 



t 



t 



OPS 

R 
OPC 

R 



J2-40 
J2-39 
J2-34 
J2-33 J 



This hookup provides an additional control and status line. 
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mmk 
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^'^ ^»ofl* o^ Currwit Mode Mod el 

Unit has a solid stote discrete current loop interface. It can typically be used 
to harKlle devices emplo/tng a current interface such as teletypes and/or terminal 
equipped with a 20/60ma current. loop. Either half or full duplex operation is 
possible. This model has a major advantage over the RS232 interface in that the 
maximum cable length may be much ion<|er. (See Figure 4. 1). It has a major 
advantage over the relay interface in that the rote con be much higher than 
with electro-mechanical relays. See controller characteristics table and line 
battery discussion . 



4,6.1 Exqnple ^1 - Interface to TTY 

VDM modified KSR-ASR 33, 35 teletyp€;s. Prepare the controller for 110 bps, 
8 bits, no parity, 2 stop bits. Coble as shown. 

Cable may be upito 10,000 feet long.. 




S 



20 to 60na current loop 



Line Battery Is J 

provided by a VDM " 
mod to TTY - if | 

purchased from | 

VDM. TTY Is enabled I 
for 20 ma, full duplex, j 
no parity operation. 4 



Cable Signals 

UASC 

Pin 

J2-I0 

J2-4 
J2-I8 
J2-74 



Note: 2. OK current limiting resistors must be in place for this hookup. 
ASR 33 TTY | KSiy^ASR 35 



Signal 



SO 

(R) 



Signa l Pin 

■>RD P2-8 



RD< O- 

(R)< ^-4 



•SD 

(R) 



P2-.€) 
P2-.9 



Terminal Board 
Terminal 7 

Terminal 5 
Terminal 4- 
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^•^•2 Exqwpla ^2 ~ CRT Hookup 

CRT equipped wifh "current loop". Hardwire the controller to: bps - 1200, 2400, 
or 4800 bps, 8 data bits, 7 data plus parity, one stop bit. Hook-up cable as shown 
See rate/distance table for miximum length of cable. 




i V- 



/ 



Cable 

Pin 

J2-4 
J2-10 
J2-24 
J2-18 
J 2-26 
J2-28 
4.6.3 



Signal 



SD 
R 

RD 
R 

4 — 



CRT 

Stgnal 

RD 
R 

SD 
R 



Line battery is provided 
by CRT or user unless 
CRT is supplied by VDM. 




Note: Current limiting resistors (R9 and R12) 
may require modification of value. 20ma min 
60 ma. max for logic "1". 



J Jumper 



Example ^3 620 CPU to 620 CPU 



Hardwire controller to: bps = 1200, 2400, 4800, or 9600 bps. Set to 8 bits plus odd 
or even parity, 1 stop bit. Hook up coble as shown. See rate/distance table for max. 
length of cable. 




}~^W] 




Cable hookup on next page. 
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4.6.3 (Con»*d) 

Cable 

UASC^l (Masfer) 



Pin 

J2-4 

J2-10 

J2-14 

J2-15 

J2-18 

J2-24 

J2-17 

J2~16 

J2-26 

J2-28 



Signal 



SD+ - 
SD- ♦■ 
2(>na ♦■ 
GND - 
RD- - 
RD+ 4- 



Jpr 



GND ♦- 

20ma 

^ 1 Jumper 



Jumper 



I 



z 



UASC#2 (Slave) 


Signal 




Pin 


RD- 




J2- 18 


RD+ 




J2-24 


SD+ 




J2-4 


SD- 




J2-10 
J2-26 






oer 1 


— p» 


J2-28 



1 



Note: Current limiting resistors R9 and R12 on both ends are shorted out for this 
application.. 



620-620 Current Mode Interface Schematic 



J2 



CPU ^ 1 



\a 



1^-^^ 



JZ 



J2 



c 



24. 



JS. 



IS 




varian data mactiines 

t v.'i Hn si/hsidi.irv 



96A0039-000B 



14. 



-AAAA/-I ij- 



JZ 



n -AAAA— ||j|- 



CODE 
IDENT NO. 

21101 



J2 



15 



J2 






2A P 1 

\a -^= — ' 



JZ 



lO 



JZ 



^ 



S8AC7e7 



NMIHi| 



sC 






4.7 Uioga of Relay Version 

This modal is equipped with a set of electromechanical (reed) relays ond is designed 
for usage with teletype- telegraph (current loop) type equipment. It can handle 
5 or 8 level applications such as (5 level) models 28, 32 (8 level) models 33 and 
35 teletypes and 83B type polling (5 level) equipment. The relay interface can 
be hooked up to handle full or half-duplex "loops" as required. In the cqse of 
half-duplex operation, the CPU must ignore. the "received" input while If is 
sending. The "received" input (whHe sending) is an "echo" only. 



4-7.1 Full Duplex - Cable Routing - Schematic 

See 4.4, 1.2 
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4.7.3 ExcppUs * Usage of Ralqy UA SC 

Example ^1 - ASI^KSR 33 and ASi^KSR 35 

VDM provided 33/35 Teletype = same hook-up as 4.6. 1 



Cable Routing 



CPU 



Coble Rout'm( 



UASC (Relay) 



a 



-^\ 



VDM TT\ 



■MMIMU 



UASC 



Pin 

J 1-26 
J 1-20 
J 1-36 
J 1-38 
J 1-2 



Si 



anal 



SD 
R 

RD 
R 



■4 * 



Z 



J 1-40 ^h3^P^'' 



Signal ASR 33 



RD 



— . SD 
R 



P2-6 

P2-G 
P2-'9 



ASR 35 
TB-7 

TB-5 
TB-4 



Note: The 2.0K and 2.7K resistors (RBand Rl4)must be in place when the UASC 
Is interfaced to the TTYs as noted above. 
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A.7.A Example ^2-5 Level TTY 

620 CPU to user provided model 28 or 32 teletype or 83B unit. 

Hardwire the controller to: 

75 bps, 5bit doto, no parity, 2 stop bits, probably 60ma. Route coble and line 
battery as shown. See cable distance chart. 




ii 




Signal Coble 

See general cabling and previous page. Route cable for full or half duplex operation 
as required. 

Half duplex - one pair cable used (ref: 4.4. 1. 1) 
Full duplex - two pair cable used (ref: 4.4,1.2) 
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SECTION V 
TESTI NG 



5.0 



General 



The three interfaces, RS232, Current Mode, and Relay can be tested in a back-to-bock 
configuration, included in the UASC package is o test connector kit which can easily 
be assembled for the version purchased. The relay version can be tested when used 
with a TTY wfth standard VDM TTY test routines. VDM tests controllers prior to delivery 
using Test Specification 98A0768 as a guide. 



5.1 



Test Routine 



The test routine requires that the UASC is installed in a 620 CPU slot with a properly 
wired test connector. Procedure for using this test routine is described in SPS 
89A0228. This SPS olso includes a description of the Test Routine. 



::> . z 



Test Connector 



The test connector is supplied in kit form. The test connector h assembled ond used 
as further described. 



i.. 



5.2, I 



Assembly of Test Connec t 



or 



5.2. K 1 



Model A - RS232C Test Connector 



Iml-all jumpers between the following pins; 

36 to 42 
44 to 28 
34 to 40 

Install test connector on J2. 

5.2. 1.2 Model B - Current Mode Test Connector 

Install jumpers between the following pins: 

•0 to 14 R9 and R12 must be temporarily jumpered (shorted, 

4 to 18 
24 to 23 
26 to 28 
22 to 38 
Install test connector on J2, 
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5.2.11.3 Mod»l C - R»loy I/O Test 

The relay version of tfie UASC can most easily be tested with a VDM modified ASR33 
teletype. The cable Is wired per 4.7,3. Standard teletype test routines will verify 
operation* 
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SECTION VI 

THEORY OF OPERATION 



IMMMn 



6,0 



General 



Sections 1 thru 5 should be reviewed prior to using this Theory of Operation 
section. This section is written in a sequence that begins with the logic on 
page 1 and follows through to page 6 of 91C0445* 

6. 1 Control Logic 

6.1.1 Page 1 



Contains power distribution, D.C. line filtering, and E-Bus connections. 
DAXX+, the Device Address, Is made up of a 7 input "AND" function 
which is selectable at PI on the back panel. Reference 2.5 and Fig. 2.2. 

6.1.2 Page 2 

Contains the balance of the E-Bus conned ions which are further defined in 
the 620 interface manuals. CODO+ thru COD7+ are decoded at octal to 
8 line decoder IC2. CODO+ thru COD7" are used for both Sense and Command 
Instructions (Reference 3.1). EXC Commands are made up of FRYX (Function 
Ready), EB11+, DAXX (Device Address), and the appropriate COD(X) functions. 
WBBC is anand gate latch which is set (EXC or EXC 1) when transferring 
data out under BIC control . The latch is reset (EXC 2 or EXC 5) when transferring 
data in under BIC control. INIT (Initialize) is implemented on a "one shot" to 
assure that the LSI chip has a 2 usee reset pulse. INIT is pulsed by either a 
"SYSTEM RESET" from the control panel oraninitialize command, EXC 4. 
OPON flip flop is set by EXC 6 and reset by EXC 7. OPON is storage for a 
control line that can be used for various different peripheral devices, an 
optional control. 

6.1.3 Page 3 

Generally contains data control, interrupir drivers, and BIC control logic. 
The following terms are BIC oriented and are further defined in the BIC manual 
TAKK (Trap Acknowledge), DCEX (Device Connect Enable), CDCX (Controlled 
Device Connected), TROX (Trap Out), BCDX (BIC Disconnect), and TRQX 
(Trap Request). DTOX (Data Transfer Out) and DTIX (Data Transfer In) are 
used to steer data onto the E-Bus during diata transfer commands such as an 
OAR or CIA Instruction (Ref. 3.1). 

The three Interrupt drivers, TXRINT, RCRINT, and E/BINT are implemented as 
pulse drivers. Pulses are generated at the leading edge of the associated sense 
response term. For example, TXRDY- (Tronsmit Ready) initiates TXRINT. 
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(PIM Driver Pulse) at the leading edge of TXRDY^. The interrupt drivers are 
pulsed to permit hardwire "ORMng" of all three drivers to one PIM input. 

6. 1.4 Page 4 

Contains the Sense response logic, the E-Bus drivers, and omplified outputs 
from the LSI chip. The Sense logic consists of the decoded control function 
bits (EB06, EB07, and EB08) which are decoded to CODO thru COD7 on page 
2 of 91C0445, CODO is gated with FEB+ to obtain the first term in the Sense 
structure. CODO thru COD7 is used to implement SEN thru SEN 7 respectively 
(Ref. 3.1). 

6.1.5 Page 5 

Consists of the LSI Transmitter/Receiver chip and the four types of interface to 
Hie user. The LSI chip is covered in Section 6.2. Only one of the three optional 
interfaces will be found on a given board. The interface circuit specifications 
are found in Section II. 

The RS232 interface is driven via IC21 for both TXDAT2 (Transmit Data) and 
OPCON2(Option Control). RECDAT2 (Receive Data ) and OPTION (Option 
Status Line) are received via IC 28. Both IC 21 and IC 28 are RS232 B & C 
compatible. 

The Current Mode interface does not utilize the Option Control and Option 
Status lines. TXDAT1 (Transmit Data) is DC isolated via transformer coupling 
from signal ground. OSCI running at a 2.3 MHZ rate transfer* the output 
data (SD to the secondary of Tl via IC7. The pulsed data seen onjthe 
primary of Tl is effectively rectified by CRI. The voltage divider R7iiHd R8 
properly bias the output driver Ql which reconstructs the SD+ signal. Input 
dota is also DC isolated from signal ground via an LED/Transistor, IC 14. 

.'u. Relay interface is mechanized to permit utilization of 3or 4 wire connections. 
Transmit Data is sent via Kl by mearis of a contract closure, Receive Data is 
('jceived via K2. Normal D.C. isolation from signal ground is obtained w/ith 
the relay interface. 

The DTL/TTL interface is f>resent on all three of the previously described interfaces. 

In tact, the other three interfaces utilize the DTL/TTL interface. The Receive | 

Data is routed to RD at J 1 or J2 and thru IC12. As an example the RS232 Receive ] 

Data line RD2 at J2-44 must be routed back thru the DTL/TTL receiver RD ai J 

12-28. The optional control and Status linesOPCONI and OPTION at J2-22 "^ 

and J2~38 respectively are also always present on the thr»e versions of the UASC , ^ 

The DTL/TTL Transmit Data driver (TD at J2-2) is also always present on the ' 

three versions. J 




% 
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6.2.2 Receiver Operation 

(Ref. Figs. 6.2, 6.4, and 6.6) 

Power is applied, external reset is enabled, and clock pulse is applied having a 
frequency of 16 times the desired baud rate. The previous conditions will set data 
available RCRDY+to a logic "0". 

Data reception starts when serial input signal changed from Marking (logic " V) to 
spacing (logic "0") whidi initiated a start bit. The start bit is valid if after transition 
from logic "1" to logic "0", the RD line continues to be at logic "0", when center 
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6.1.6 Page 6 

Is covered in Section 6.3 . 

6.2 Transmitter/Receiver Operation 

6.2.1 Transmitter Operation 

(Ref. Fig. 6.T, 6.3, and 6.5) 

Power is applied, external reset is enabled and a clock pulse is applied having a 
frequency of 16 times the desired baud rate. The above conditions will set TXRDY+, 
TRE+, and SD4- to logic "1" (Line is marking). 

Once data strobe BTOA- is pulsed the TXRDY+ signal will change from a logic "1" 

to a logic "0" indicating that the data bits holding register is filled with a previous J 

character and 1$' unable to receive new dail^a bits, and transmitter shift register is | 

transmitting previously loaded data. When transmitter shift register is empty, data | 

bits in the holding register are immediately loaded into the transmitter shift register ' 

for transmission. The shifting of information from the holding register to the trans- t 

mitter shift register will be followed by SD^-and TRE+ going to a logic "0", and i 

TXRDY+ will also go to a logic "1" indicating that the shifting operation is com- ^ 

pleted and that the data bits holding register is ready to accept new data. It ^ 

should be remembered that one full characler time is now available for loading j 

of the next charocter without loss in transmission speed due to double buffering. j 

Data transmission is initiated with transmission of a start bit, data bits, parity bit ' 

(if desired) and stop bit(s)«. When the last stop bit has been on line for one bit *. 

time, TRE+ will go to a logic "1" indicating that new character is ready for ^ 

transmission. This new character will be transmitted only if TXRDY+ is a logic ^ 

'0" OS was previously discussed. 

•I 
,'t 

it should be noted that the TRE^ line is not used. It can be used for timing | 

reference when trouble shooting , however. | 
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sampled, 8 clock pulses later. If, however, line is at a logic "1" when center 
sampling occurs the start bit verification process will be reset. If the Serial 
Input line transitions from a logic "1" to a logic "0" (marking to spacing) when 
the I6x clock is in a logic "1" state, the bit time, for center sampling will 
begin when the clock line transitions from a logic "1" to a logic "0" state. 
After verification of a genuine start bit, data bit reception, parity bit 
reception and stop bit(s), reception proceeds in a orderly manner. 

While receiving parity and stop bit(s) the receiver will compare transmitted 
parity and stop bit(s) with control bits (parity and number of stop bits) previously 
set and indicate an error by changing the parity error flip flop and/or the framing 
error flip flop to a logic "1". It should be noted that if the No Parity Mode is 
selected the PE (parity error) will be unconditionaly set to a logic '0". 

Once a full character is received, internal logic loob at the data available (DR) 
signal to determine if data has been read out. If the DR+ signal is at a logic 
"1" the receiver will assume data has not been read out and the over run flip flop 
of *;he status word holding register will be set to a logic "1". If the DR signal is at o 
logic "'0'' the receiver will assume that data has been read out. After DR goes to a 
logic "1", the receiver shift register is now ready to accept the next character and 
has one full character time to remove the received character. 



6.2.3 Description of Pin Functi ons 

Pin No. Name Symbol 

^ V^c Power Supply V^c 

^ Vgg Power Supply Vgg 

3 Ground GRD 



Received Data 
Enable 



5r- 12 Received Data Bits 



RDE 



Functio n 
+5V Supply 
-12V Supply 
Ground 

A logic "0" on the receiver enable line places 
the received data onto the output lines. 
(Grounded) 



RR7-RRO These are the 8 data output lines. Received 
characters ore right justified, the lSB always 
apprears on RRO. 



13 



Receive Parity 
Error 



PE 



This line goes to a logic "1" if the received 
character parity does not agree with the 
selected parity. 
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Pin No. Name 



14 



15 



16 



17 



18 



20 



21 



23 



^4 




Symbol 
Framing Error FE 



Over-Run Error 



Status Enable 

Receiver Clock 

Reset Data 

Receive Data 
Ready 

Serial Input 



External Reset 



Transmitter 
Buffer Empty 



Data Strobe 
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OE 



SE 



aKl6 



BTIA- 



DR 



RD 



INIT 



THRE 



BTOA- 



End of Character TRE 



Function 

This line goes to a logic " 1" it the received 
character has no valid stop bit. 

This line goes to a logic " 1" if the previously 
received character is not read (DR line not 
reset) before the present character is tronis- 
ferred to the receiver holding register. 

A logic "0" on this line places the status 
bits onto the output lines. (Grounded) 

This line will contain a clock whose frequency 
is 16 times (I6X) the desired receiver baud rate. 

A logic "0" will reset the D¥^ line. Datci 
remains available until replaced with nev/ data- 

This line goes to a logic "1" when an entire 
character has been received and transferred 
to the receiver holding register. 

This line occeps:, the serial bit input stream. 
A Marking (logic "1") to spacing (logic "0") 
transition is required for initiation of data 
reception. 

Resets all registers except RR7 - RRO registers 
Sets SD, TRE, and THRH to a logic "1". 

The transmitter buffer empty flag goes to a logic 
"1" when the data bits holding register may be 
loaded with another character. 

A strobe on this line will enter the data bits 
into the data bits holding register. 

This line goe.s to a logic " 1" each time o full 
character is transmitted. It retnalm at thi^ 
level until the start of transmission of the nc/t 
character. (Not used). 
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25 



35 



36 



37-38 



Serial Output 



26-33 Data Bits Out 
34 Control Level 



No Parity 



Number of Stop 
Bits 



Syrifibol Function 

SD This line will serially, by bit, provide the 

entire transmitted character. It will remain at 
a logic "1" when no data is being transmitte i. 

EBOO-07 There are up. to 8 data bits used. 

CRL A logic "1" on this lead will enter the control 

bits (PI, SBS, WLSl, WLS2, EPE) into the 
control bits holding register. This line is 
hard wired to a logic "1" level. 

PI A logic "1" on this lead will eliminate the 

parity bit from the transmitted and received 
character (no PE indication). The stop bit(s) 
will immediately follow the last data bit. If 
not used, this lead must be tied to a logic "0". 

SBS This lead will select the number of stop bits, 1 

or 2, to be appended immediately after the 
parity bit. A logic "0" will insert 1 stop and 
a logic "1" will insert 2 stop bits. 



Number of Bits/ 


WLS2 


These two leads will be internally decoded to 


Character 


WLSl 


select eil 


hher 5,6,7, 


or 8 data bits/character. 






WLSl 


WLS2 


Bits/Character 












5 






1 





6 









1 


7 






1 


1 


8 



39 



40 



Odd/Even Parity 



Transmitter 
Clock Line 



EPE The logic level on this pin selects the type of 

parity which will be appended immediately 
after the data bits. It also determines the 
parity that will be checked by the receiver. 
A logic "0" will insert odd parity and a logic 
"1" will insert even parity. 

CLK16 This is a clock whose frequency is 16 times 
(16X) the desired transmitter baud rate. 
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6.3. 1 Timirtp 

Page 6 contains the cr/stai oscillator and the presetable counter for dividing 
the clock frequency to 16 times the data or baud rote. OSCI (IC33} divide^; 
the oscillator output (4.608MHZ) by two. OSC+ and OSC 1 ^ are gated 
together to create a 2.304 MHZ input to the 12 bit presetable ripple counter 
(IC13, IC20, and IC27). The down going edge of the carry line at pin 12 
of IC27 causes the reset flip flop RSFF to set. The alternate clock pulse 
(OSC- and OSC) is gated into the prescst line (pin 1 of IC 12, IC20, and IC2 
to preset the counter. The preset pulse rate is governed by the jumper con ib* 
ation as shown In Table II, Sheet 6 of 91C0445. The leading edge of the next 
count pulse resets the reset or preset flip flop, RSFF. (Ref. Fig, 6.7). 
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Transmitter iniffaliy assumed tnoctive at start of diagram. Shown for 8 level code and pant) 

and two stops . 

Bit time - 16 clock cycles, 

If transmitter is inactive the ';tart puise will appear on line within 1 clock cycle of time 

data strobe occurs. See detail. 

Since transmitter is double bu^'fered another data strobe can occur anywhere during trQnsmis':.:or 
of character 1 . 
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• a This IS the time when, the error conditions are detected, if error occurs. 

2. Dqtq available is sfifr on! V when the received dote?, PE^ FE, 
(See receiver block diagram). 

3. All information is good in holding register until data available tries to set for next character. 

4. Above shown for 8 level code parity and two stop for no parity, stop bits follow data. 

5. For all level code the data in the holding register is RIGHT JUSTIFIED; that Is, LSB always appears in RRO 
(pin 12). 
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SECTION 1 

TEST PROGRAM OVERVIEW 



1.1 



NTRODUCTION 



The purpose of this program is fo provide the user with an adaptable routine 
to test the operational status of the Universal Asynchronous Serial Controller 
(UASC) and to assist In isolating malfunctions. 



1.2 



PROGRAM DESIGN OVERVIEW 



The UASC test program is designed to operate with the 620 Test Executive 
which provides all the user Interface routines, utility functions and standard 
subroutines. Consequently, the Test Executive must be loaded prior to 
operating the UASC (see Software Performance Specification No. 89A0122). 



1.2.1 



Sense Mode 



512 words are generated from the selected pattern, transmitted under sense 
mode, received under sense mode, and compared. This will cycle continuously 
until sense switch 3 is set. At which time the program, if in teletype mode, 
will type the number of passes and return to the pattern message. 



1.2.2 



1.2.2.1 



BIC Mode 



BIC Transmit 



512 words are generated from the selected pattern, transmitted under BIC 
mode, received under sense mode, and compared. This will cycle continuously 
until sense switch 3 is set. At which time the program, if in teletype mode, 
will type the number of passes and return to the pattern message. 

1.2.2.2 BIC Receive 

512 words are generated from the selected pattern, transmitted under sense 
mode, received under BIC mode, and compared. This will cycle continuously 
until sense switch 3 is set. At which time the program, if in teletype mode, 
will type the number of passes and return to the pattern message. 



1,2.3 



PIM Mode 



The program provides for operating under the program interrupt mode in 
either sense, BIC transmit or BIC receive. The program functions as above. 
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HARDWARE SUMMARY 



The normal minimum hardware configuration for the UASC test program is 
one 4K (minimum) 620 series computer, one ASR teletype (optional) and 
a UASC with test connector. No main!"rame options or other peripherals 
are required. 

In the absence of a teletype the program may be supplied in a form suitable 
for other input media (card reader, paper tape, etc.) and executed in the 
console mode. 
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Connector 
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SECTION2 

EXTERNAL SPECIFICATIONS 

2.1 GENERAL 

The external specificafion provides all the operating procedures and information 
pertinent to user interface. The UASC test is normally loaded and executed 
via teletype keyboard commands from the user. The 620 Test Executive 
program is the software interface for accomplishing these functions. 

2.2 LOADING PROCEDURE 

The 620 Test Executive must be loaded before the UASC test program will 
operate correctly in either mode. All of the teletype input/output subroutines 
are resident in the Test Executive and will be called by the test program. 

a. Load the Test Executive, which includes the binary object tape 
loader, per the procedure outlined in the Test Executive external 
specifications, (89A0122). 

b. The individual test tapes begin with leader. Position the leader 
preceeding the test program in the reader. 

2.3 OPERATING PROCEDURE 
2.3.1 Teletype Mode 

The 620 Test Executive must be in the teletype mode. 

2.3.1.1 Loading the UASC Test 

Type L. The test tape will be loaded, and execution will take place 
automatically, 

2.3.1.2 Parameter Setup 

Typeout: Universal Asynchronous Serial Controller Test 
Response: (None) 

Typeout: UASC DA 

Response: A 2 digit octal number for the UASC device address followed 

by a comma or period. (If sense switch 3 is set, control is 

returned to the Exec.) 
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Typeout: DATA LENGTH 

Response: A single digit number for data word length. (If SS3 is set, control 
is returned to the Exec.) 



Typeout: PATTERN 

Response: A single alphabetic character. A for an alternating pattern, 
F for a fixed pattern, or I for an incrementing pattern followed 
by a 3 digit octal number for the initial pattern followed by a 
comma or period. NOTE: If the following conditions are not 
to be changed, type C for continue as the first and only character 
of this response. (If SS3 is set, control is returned to the UASC 
DA message.) 

Typeout: PIM REQUIRED 

Response: A single alphabetic character. Y for yes, N for no (if SS3 
is set, control is returned to the pattern message). 



Typeout: 



Response: 

Typeout: 

Response: 
Typeout: 

Response: 
Typeout: 

Response: 
Typeout: 

Response; 



PIM DA 

NOTE: If the response to PIM required is N, this message 

will not appear. 

NOTE: Once the PIM device address is input, this message 

will not appear unles the program is restarted from the beginning. 

A 2 digit octal number for rhe PIM device address followed by 

a comma or period. (If SS3 is set, control is returned to the 

pattern message.) 

TX INT LOG 

NOTE: If the response to PIM REQUIRED is N, this message 

will not appear. 

A 1 - 6 digit octal number for the transmit interrupt location. 

RX INTLOC 

NOTE: If the response to PIM required is N, this message will 

not appear. 

A 1 - 6 digit octal number for the receive interrupt location. 

ER INTLOC 

NOTE: If the response to PIM required is N, this message 

will not appear. 

A 1 - 6 digit octal number for the error interrupt location. 

MASK 

NOTE: If the response to PIM required is N, this message 

will not appear. 

A 3 digit octal number for the PIM mask. 
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Typeout: MODE 

Response: Two alphabetic characters. SE for sense mode or Bl for BIC 

mode. (If SS3 is set,control is returned to the pattern message.) 

If Sense Mode is selected, no further setup is required. 

Typeout: BIC DA 

NOTE: Once the BIC device address is input, this message 

will not appear unles the program is restarted from the beginning. 
Response: A 2 digit octal number for the BIC device address followed by 

a comma or period, (If SS3 is set, control is returned to the 

pattern message.) 

Typeout: BIC DIRECTION 

Response: A single alphabetic character.R for sense mode write, BIC 
mode read, T for BIC mode write, sense mode read. (If SS3 
is set, control is returned to the pattern message.) 

This completes the UASC setup. 

2.3.2 Console Mode 

The 620 Test Executive must be in the console mode (see section 2 of 89A0122) 

2.3.2.1 Load the UASC Test 
(See section 2 of 89A0122.) 

2.3.2.2 Parameter Setup 

Start the test at location 0500. Observe the U register for the appropriate 
halt instruction. At halt instruction 01 set A = UASC device address, and 
B = Data length (037 for 5 bit, 077 for 6 bit, 0177 for 7 bit, 0377 for 8 bit) 
press run. At halt instruction 02 set A = pattern type (0 = ALT, 06 = FIX, 
Oil = INC) and B = pattern configuration. Press run at halt instruction 03 
set A = PIM device address (if no PIM is required set A = 0) press run. At 
halt instruction 04 (if PIM device address /O) set A = transmit interrupt 
location, B = receive interrupt location, and X = error interrupt location. 
Press Run. At halt instruction 5 set A = mode (0 = sense, 1 = BIC), 
B = BIC device address, X = BIC direction (0 = receive, 1 = transmit) 
press run. The program will run to halt instruction 0704 at which time the 
A register will be minus for a functioning sense option or the A register will 
be positive or zero for a non-functioning sense option. Press run to continue 
test. 
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2.3.3 Operating in Sense Mode 

A quick test of the UASC is made to determine if the data length is correct 
and to see if the sense option is functioning. 

2.3.3.1 Method of Test 

The program builds 512 words to be transmitted, outputs them and reads them 
back. When all 512 words have been read, a compare of transmitted to 
received data is made. Errors and malfunctions are reported to the operator 
via teletype messages or halts. 

2.3.3.2 Messages and Their Meanings 

Message: TRANSMIT NOT READY 

Meaning: After initializing the controller the output section was not 
immediately ready. 

Message: RECEIVE SHOULD NOT BE READY 
Meaning: After initializing the controller the input section was 
immediately ready. 

Message: LENGTH ERROR 

Meaning: The length selected by the operator does not match that of 
the controller. 

Message: NON-FUNCTIONING SENSE OPTION 
Meaning: Either the sense option is not installed or the sense option is 
malfunctioning. 

Message: FUNCTIONING SENSE OPTION 

Meaning: The sense option is installed and functioning. 

Message: CONTROLLER NOT READY 

Meaning: A timeout has occurred v/hile awaiting a response from the UASC. 

Message: BUFFER SIZE ERROR . 

Meaning: The size of 4ither the input or output buffers was not 512 words. 

Message: ERROR i WORD j TX k RX 1 

Meaning: The read error status of the jth word was set (i = error: 1 - input 
overflow error, 2 = input piarity error, 3 = input overflow error 
and input parity error, 4 ~ frame error or break, 5 = input overflow, 
error and frame error or break, 6 = input parity error and frame 
error or break, 7 = input overflow error and input parity error 
and frame error or break) k = the transmitted character, I = the 
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received character. 


Message: 
Meaning: 


CMP ERR WORD j TX k RX 1 m 

A compare error at word j has occurred between the transmitted 
character k and the received character 1 with m being the 
exclusive ORing of the two characters. 


2.3„4 


Operating in BIC Mode 


2.3.4.1 


Operating in BIC Read Mode 


A quick test of the UASC is made to determine if the data length is correct 
and to see if the sense option is functioning. 



2.3.4.1.1 Method of Test 

The program builds 512 words to be transmitted, outputs them and reads them 
back. When all 512 words have been read a compare of transmitted to 
received data is made. Errors and malfunctions are reported to the operator 
via teletype messages or halts. 

2.3.4.1.2 Messages and Their Meanings 

Message: TRANSMIT NOT READY 

Meaning: After initializing the controller the output section was not 
immediately ready. 

Message: RECEIVE SHOULD NOT BE READY 

Meaning: After initializing the controller input section was immediately 
ready , 

Message: LENGTH ERROR 

Meaning: The length selected by the operator does not match that of the 
controller. 

Message: NON-FUNCTIONING SENSE OPTION 
Meaning: Either the sense option is not installed or the sense option is 
malfunctioning. 

Message: FUNCTIONING SENSE .OPTION 

Meaning: The sense option is installed and functioning. 
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Message: CONTROLLER NOT READY 

Meaning: A timeout has occurred while awaiting a response from the UASC 

Message: BIC NOT READY 

Meaning: A timeout has occurred while awaiting a response from the BIC. 

Message: BIC ABNORMAL 

Meaning: The BIC has reported an abnormal condition. 

Message: BUFFER SIZE ERROR 

Meaning: The size of either the input or output buffers was not 512 words. 

Message: ERROR i WORD j TX k RX ! 

Meaning: The read error status of the jth word was set (i = error: 1 = input 
overflow error, 2 = input parity error, 3 = input overflow error 
and input parity error, 4 ~ frame error or break, 5 = input 
overflow, error and frame error or break, 6 = input parity 
error and frame error or break, 7 = input overflow error and 
input parity error and frame error or break) k = the transmitted 
character, I = the received character. 

Message: CMP ERR WORD j TX k RX I m 

Meaning: A compare error at word j has occurred between the transmitted 

character k and the receivejd characters I with m being the 

exclusive ORing of the two characters. 

2.3.4.2 Operating in BIC Write Mode 

A quick test of the UASC is made to determine'if the data length is correct 
and to see if the sense option is functioning. 

2.3.4.2.1 Method of Test 

The program builds 512 words to be transmitted, outputs them and reads them 
back. When all 512 words have been read a compare of transmitted to 
received data is made. Errors and malfunctions are reported to the operator 
via teletype messages or halts. 

2.3.4.2.2 Messages and Their Meanings 

Message: TRANSMIT NOT READY 

Meaning: After initializing the controller the output section was not 
immediately ready. 
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Message: 
Meaning: 



Message: 
Meaning: 



Message : 
Meaning; 



Message: 
Meaning: 

Message: 
Meaning: 

Message: 
Meaning: 

Message: 
Meaning: 

Message : 
Meaning: 

Message: 
Meaning: 



Message : 
Meaning: 



RECEIVE SHOULD NOT BE READY 

After initializing the controller, the input section was 

immediately ready, 

LENGTH ERROR 

The length selected by the operator does not match that of 

the controller. 

NON-FUNCTIONING SENSE OPTION 

Either the sense option is not installed or the sense option is 

malfunctioning. 

FUNCTIONING SENSE OPTION 

The sense option is installed and functioning. 

CONTROLLER NOT READY 

A timeout has occurred while awaiting a response from the UASC 

BIC NOT READY 

A timeout has occurred while awaiting a response from the BIC. 

BIC ABNORMAL 

The BIC has reported an abnormal condition. 

BUFFER SIZE ERROR 

The size of either the input or output buffers was not 512 words. 

ERROR i WORD j TX k RX I 

The read error status of the jth word was set (i = error: 1 = input 

overflow error, 2 = input parity error, 3 = input overflow error 

and input parity error, 4 = frame error or break, 5 = input 

overflow, error and frame or break, 6 = input parity 

error and frame error or break, 7 = input overflow error and 

input parity error and frame error or break) k = the transmitted 

character, I == the received character. 

CMP ERR WORD j TX k RX I m 

A compare error at word j has occurred between the transmitted 
character k and the received characters I with m being the 
exclusive ORing of the two characters. 
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2.4 SENSE SWITCH SETTINGS 

Switch 1 off: Print all error messages. 

on: Do not print routine error messages. 

Switch 2 off: Do not halt on 9 errors. 

on: Halt when errors detected. (This halt will occur after 

the error message is typed if SSI is off.) 

Switch 3 off: Normal operation. 

on: Return as soon as possible to the pattern message or halt 

instruction 01 (see section 2.3.1.2). 

2.5 MESSAGES 

Universal Asynchronous Serial Controller Test 

UASC DA 

DATA LENGTH 

PATTERN 

PIM REQUIRED 

PIM DA 

XMIT INT LOC 

RCVE INT LOC 

ERR INT LOC 

MASK 

MODE 

BIC DA 

BIC DIRECTION 

TRANSMIT NOT READY 

RECEIVE SHOULD NOT BE READY 

LENGTH ERROR 

NON-FUNCTIONING SENSE OPTION 

FUNCTIONING SENSE OPTION 

BIC ABNORMAL 

BIC NOT READY 

BUFFER SIZE ERROR 

CONTROLLER NOT READY 

ERROR n WORD nnnnnn TX nnnnnn RX nnnnnn 

CMP ERR WORD nnnnnn TX nnnnnn RX nnnnnn nnnnnn 
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96AO039-OO0B 



CODE 
IDENT NO 

21101 



89A0228 I ^ 
5 OF 9^ REV 



SH \SL of 



2.6 


HALTS 




Instruction 




Register Setting or Meaning 


01 




Set A = UASC device address 

B = data length (037 = 5 bit, 077 = 6 bit, 
0177 = 7 bit, 0377 = 8 bit) 


02 




Set A = pattern type (1 = alternating, 6 = fixed. 
Oil = incrementing) 
B = initial pattern configuration 


03 




Set A = PIM device address 

(if no PIM required, set A = 0) 


04 




This is an optional halt 



05 

040 
041 
042 
043 
0102 



0103 



Set A = transmit interrupt location 
B = receive interrupt location 
X = error interrupt location 

Set A = mode (0 == sense, 1 = BIC) 
B = BIC device address 
X = BIC direction (0 = receive, 1 = transmit) 

"Controller not ready" 

"Buffer size error" 

"BIC not ready" 

"BIC abnormal" 

"Hardware detected error" 
Read A = word within the buffer 

B = data word transmitted 

X = data word received with the flags in 
the most significant part of the word. 

"Compare error" 

Read A = word within the buffer 

B = data word transmitted 

C = data word received 
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SH \3 o^^O h^v 



96A0039-000B 



Inslruction 


Register SetHng or Meaning 


0700 


Output not ready 


0701 


input sliould not be ready 


0702 


Length error 


0704 


A^O Functioning sense option 



A>0 Non-iunctioning sense option 
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SECTION 3 

INTERNAL SPECIFICATION 



3.1 

Title: 

Symbolic Name: 

Purpose: 

Description: 



COMPONENT SPECIFICATIONS 

Sense Switch 3 Return 

SS3R 

Termination of Test 



Entry Points: 
Calling Sequence: 
Entrance Parameters: 
Exit Point: 
Exit Parameters: 



If in teletype mode, type out the octal number of 
passes mode through the previous test. If in console 
mode, returns to initial parameter setup. 

SS3R 

JSS3 SS3R 

None 

CMOD or TM5 

Not applicable 



Tab le or Files Modified or Read: Pass is set to zero. 
Tables or Files Created: Not applicable 



Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 



OUTC, OUTE, OUTD 

SENM, BICW, BICR, QKY, SCK 

Not applicable 

Not applicable 

26 octal words 
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CODE 
DC NT NO 
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9oAv^039~0C0B 



89A0228 

mt mmimMa mmmmmmBm 

SH 1 5 OF 



iMtatWMWMMMHHM 



r 



Title: 

Symbolic Name: 

Purpose: 

Description: 

Entry Points: 
Colling Sequence: 

Entrance Parameters: 

Exit Point: 

Exit Parameters: 

Tables or Files Modified or 

Tables or Files Created: 

Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 



Console Mode Parameter Input 

CMOD 

Set up parameter values from the console. 

The routine clears all registers and halts at various 
points to allow for operator inputs. 



CMOD, CMO, CM2, CM3 

LDA $CON 
JAZ CMOD 

Not applicable 

SENM, BICR, BICW 

Operating parameters 

Read: DA, DLGH, PATT, PTRN, PDA, PIMR, BDA, MASK 

Not applicable 

TDA, TPDA, SETI, TBDA 

Start and end of test. 

Not applicable 

Not applicable 

65 octal words 
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IDE NT NO. 

21101 



89A0228 



SH \(o OF 70 REV 



IT/i 
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liiii'iliirii liimiiHii iiiiiniTuMrrmiiiiiinriiimf will i 



Title: 

Symbolic Name: 
Purpose: 
Description: 



Entry Points: 
Calling Sequence: 
Entrance Parameters: 
Exit Point; 
Exit Parameters: 



Teletype Mode Parameter Input 

TMOD 

Set up parameter values from the teletype. 

The routine asks for and accepts parameter values from 
the operator. 



TMOD, TDA, TM5, TPDA, TBDA 

JMP TMOD 

Not applicable 

SENM, BICR, Blew 

Operating parameters 

Tables or Files Modified or Read: DA, DLGH, PATT, PTRN, PDA, PIMR, BDA, MASK 
Tables or Files Created: Not applicable 

INPB, INPE, INPG, OCT!, OUTD, SETI 

SS3R, Start and end of test. 

Not applicable 

Not applicable 

642 octal words 



Called By: 

Called From: 

ExcepHon Conditions: 

Timing: 

Size: 




89A0228 




SH 17 OF 7© 



^6aG039-OOCB 




[in try Points: 
Calling Sequence: 
{Entrance Parameters: 
Exit Point: 
Exit Parameters: 



Sense In, Sense Out Mode 

SENM 

Test the UASC in sense mode with or without PIM. 

Outputs 5U words of data, inputs 512 words of data, 
and monitors and flags hardware errors. 

SENM 

J MP SENM 

Operating fjarameters . 

SCK, SS3R 

Not applicable 



Tables or Files Modified or Read: JUMP, Ul, U2, PIM Bl 
Tables or Files Created: Not applicable 

QKY, FOB, IPIM, TOUT, CUR, BSE 

CMOD, TMOD 

Not applicable 

Approximately 514 decimal UASC word times 

151 octal words 



Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 
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ammmammm 



wmwuwiiwiiniiwi iiwmwMW— am 






TiHe: 

Symbolic Name: 

Purpose: 

DescripHon: 

Entry Points: 

Calling Sequence: 

Entrance Parameters: 

Exit Point: 

Exit Parameters: 

Tables or Files Modified or 

Tables or Files Created: 

Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 



Sense In, BIC Out 

BICW 

Test the UASC using sense in mode and BIC out mode 
with or without PIM. 

Outputs 512 words of data, inputs 512 words of data, 
and monitors and flags hardware errors. 

BICW 

JMP BICW 

Operating parameters 

SCK, SS3R 

Not applicable 

Read: JUMP, Ul, PIM, Bl 

Not applicable 

QKY, FOB, IPIM, TOUT, BNR, CNR, BAB, BSE 

CMOD, TMOD 

Not applicable 

Approximately 514 decimal UASC word times. 

175 octal words 




89A0228 



y6A0039-000B 



SH f\ or- 70 REV 




(UHM 



Title: 

Symbolic Name: 

Purpose: 

Description: 

Entry Points: 

Calling Sequence: 

Entrance Parameters: 

Exit Point: 

Exit parameters: 

Tables or Files Modified or 

Tables or Files Created: 

Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 



BIC In, Sense Out 

BICR 

Test the UASC using BIC in mode and sense out mode 
with or without PIM. 

Outputs 5]2 words of data, inputs 512 words of data, 
and monitors and flags hardware errors. 

BICR 

JMP BICR 

Operating parameters 

SCK, SS3R 

Not applicable 

Read: JUMP, U2, PIM, Bl 

Not applicable 

QKY, FOB, IPIM, TOUT, BNR, CNR, BAB, BSE, BERR 

Not applicable 

Approximately 514 decimal UASC word times. 

174 octal v/ords 
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TiHe: 

Symbolic Name: 

Purpose; 

Description: 
Entry Points: 
Calling Sequence: 
Entrance Parameters: 
Exit Point: 
Exit F'arameters: 



Data check 

SCK 

To check the input buffer for error flags and to compare 
output to input data. 

Not applicable 

SCK 

JMP SCK 

Not applicable 

Return to the contents of JUMP. 

Not applicable 



Tables or Files Modified or Read: Bl, BO 

Tables or Files Created: Not applicable 

Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 



OUTD, OUTA, OUTE 

SENM, Blew, BICR 

Routine halts on errors if SS2 set or in console mode. 

Not applicable 

240 octal words 




96A0039-000h 



mB-,*m''mmmmmimiinm'memmMmimammm 



amamamiafmm 





Title: 


BIC abnormal typeout 




Symbolic Name: 


BAB 




Purpose: 


Type the mes;.age "BIC ABNORMAL". 


1 

i 


Descripfion: 


Not applicable 


1 


Entry Points: 


BAB 


I 


Calling Sequence: 


JMPM BAB 


Entrance Parameters: 


Not applicable 


i 


Exit Point: 


Return to caller. 


1 


Exit Parameters: 


Not applicable 



Tables or Files Modified or Read: Not applicable 
Tables or Files Created: Not applicable 



Called By: 
Called From: 
Exception Conditions: 

Timing: 
Size: 



OUTD 
BICU, BICR 

No type out if SSI on. Halt instruction 043 if SSI on 
or in console mode. 

Not applicable 

31 octal words 




I CODF 



varMH data Ti^tcliinoft 



IDENT NO 

21101 







Title: 


BIC read error 


Symbolic Name: 


BERR 


Purpose: 


Place flags in the input buffer. 


Description: 


The flag in the B register is ORed into the current BIC 
address less 1 . 


Entry Points: 


BERR 


Calling Sequence: 


LDBi FLAG 
JMPM BERR 


Entrance Parameters: 


Not applicable j 


Exit Points: 


Return to caller 



Exit Parameters: 



Not applicable 



Tables or Files Modified or Read: Bl 

Tables or Files Created: Not applicable 

Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 



Not applicable 
BICR 

Not applicable 
Not applicable 
12 octal words 
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CODE 

IDENT NO. 

21101 



89A0228 



SH ^3 offyo 



REV 



96A0039-000B 
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Title: 

Symbolic Name: 

Purpose: 

Description: 

Entry Points: 

Calling Sequence: 

Entrance Parameters: 

Exit Point: 

Exit Parameters: 



BIC not ready type out 

BNR 

Type the message "BIC NOT READY" 

Not applicable 

BNR 

JMPM BNR 

Not applicable 

Return to caller 

Not applicable 



Tables or Files Modified or Read: Not applicable 
Tables or Files Created: Not applicable 



Called By: 
Called From: 
Exception Conditions: 

Timing: 
Size: 



OUTD 
Blew, BICR 

No typeout if SSI on, halt instruction 042 if SS2 on 
or in console mode. 

Not applicable 

33 octal words 
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CODf 

I DP. NT NO 

21101 

HHMMSWHBa 



89A0228 



SHa4 OF ^01 REV 
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Title: 


Buffer size error type out 


Symbolic Name: 


BSE 


Purpose: 


Type the message "BUFFER SIZE ERROR' 


Description: 


Not applicable 


Entry Points: 


BSE 


Calling Sequence: 


JMPM BSE 


Entrance Parameters: 


Not applicable 


Exit Point: 


Return to caller 


Exit Parameters: 


Not applicable 



Tables or Files Modified or Read: Not applicable 
Tables or Files Created: Not applicable 



Called By: 
Called From: 
Exception Conditions: 

Timing: 
Size: 



OUTD 

SENM, Blew, BICR 

No type out if SSI on, halt instruction 041 if SS2 on 
if in console mode. 

Not applicable 

34 octal words 
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Title: 

Symbolic Name: 
Purpose: 
Description: 
Entry Points: 
Calling Sequence: 
Entrance Parameters: 
Exit Point: 
Exit Parameters: 



Controller not ready type out 

CNR 

Type the message "CONTROLLER NOT READY 

Not applicable 

CNR 

JMPM CNR 

Not applicable 

Return to caller 

Not applicable 



Tables or Files Modified or Read: Not applicable 

Tables or Files Created: Not applicable 

Called By: OUTD 

Called From: SENM, BlCW, BICR, QKY 

Exception Conditions: No type out if SSI on, halt instruction 040 if SS2 on 

or in consoUj mode. 



Timing: 
Size: 



Not applicable 
42 octal words 




anan data machines 






CODE 

I DENT NO 

21101 






89A0228 



SH Q.Q> OF ^O 





Entry Point-s: 
Calling Sequence: 



Entrance Parameters: 

Exit Point: 

Exit Parameters: 

Tables or Files Modified or 

Tables or Files Created: 

Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 



Set in device address 

DVAD 

To place the device address into referenced l/O instructions, 

The routine picks up the referenced l/O instruction, 
masks out the device address, replaces it with the 
referenced device address, and restores the instruction. 

DVAD 

JMPM DVAD 

DATA DEVICEADDRESSLOCATION 

DATA l/OINSTRUCTION, l/O INSTRUCTION 

DATA 

Not applicable 

Return to caller following the DATA 0. 

Not applicable 

Read: Referenced l/O instructions 

Not applicable 

Not applicable 

TMOD 

Not applicable 

Not applicable 

24 octal words 
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CODE 

I DENT NO. 

21101 



89A0228 



SHQ^n OF 7£) I REV 
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Title: 

Symbolic Name: 

Purpose: 

Description: 

Entry Points: 

Calling Sequence: 

Entrance Parameters: 

Exit Point: 

Exit Parameters: 



Fill output buffer 

FOB 

Fill the output buffer with the requested data pattern. 

Not applicable 

FOB 

JMPM FOB 

Not applicable 

Return to caller 

Not applicable 



Tables or Files Modified or Read: BO 
Tables or Files Created: Not applicable 
Called By: 



Called From: 
Exception Conditions; 
Timing: 
Size: 



Not applicable 
SENM, BICW, BICR 
Not applicable 
Not applicable 
21 octal words 
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CODE 
IDENT NO. 

21101 



89A0228 



Jii 



SH qs ono 



REV 



96A0039-0G0B 



Title: 

Symbolic Name: 

Purpose: 

Description: 
Entry Points: 
Calling Sequence: 
Entrance Parameters: 
Exit Point: 



Get next character to transmit 

GNCX 

Return a 16 bit data word, and update for the next 
call according to the pattern type. 

Not applicable 

GNCX 

JMPM GNCX 

Not applicable 

Return to caller 



Exit Parameters: Data word in B 

Tables or Files Modified or Read: PTRN 

Tables or Files Created: Not applicable 

Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 



Not applicable 

FOB 

Not applicable 

Not applicable 

22 octal words 
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CODE 
iDENT NO. 
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Title: 

Symbolic Name: 

F*urpose: 

Description: 

Entry Points: 

Calling Sequence: 

Entrance Parameters: 

{Exit Point: 

Exit Parameters: 



Initialize PIM 

IPIM 

Initialize the PIM if required 

Not applicable 

IPIM 

JMPM IPIM 

Not applicable 

Return to caller 

Not applicable 



Tables or Files Modified or Read: PIM 

Tables or Files Created: Not applicable 

Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 



Not applicable 
SENM, Blew, BICR 
Not applicable 
Not applicable 
15 octal words 
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CODE 
IDENT NO. 

21101 



89A0228 



SH 50 OF ^Q I REV 



J 



tmm 



Title: 

Symbolic Name: 

Purpose: 

Description: 

Entry Points: 

Calling Sequence: 

Entrance Parameters: 
Exit Point: 



Accept an octal input from teletype 

OCTI 

Type the parameter message and accept an octal number. 

Not applicable 

OCTI 

LDXI MESSAGE 
JMPM OCTI 
STA NUMBER 

X = MESSAGE ADDRESS 

Return to caller to RMS 



Exit Parameters: A = NUMBER 

Tables or Files Modified or Read: Not applicable 

Tables or Files Created: Not applicable 



Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 



OUTD, INPG 

TMOD 

SS3 will cause return to TM5 

Not applicable 

16 octal words 
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TiHe: 

Symbolic Name: 

Purpose: 

Description: 

Entry Points: 

Calling Sequence: 

Entrance Parameters: 
Exit Point: 
Exit Parameters: 



PIM interrupt 

PIMI 

Process a PIM interrupt 

Decrement PIM for each interrupt 

PIMI 

interrupt driven routine 
JMPM PIMI 

Not applicable 

Returns to interrupted routine. 

Not applicable 



Tables or Files Modified or Read: Not applicable 
Tables or Files Created: Not applicable 



Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 



Not applicable 
Not applicable 
Not applicable 
Not applicable 
12 octal words 
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CODE 
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Title: 

Symbolic Name: 

Purpose: 

Description: 
Entry Points: 
Calling Sequence: 
Entrance Parameters: 
Exit Point: 
Exit Parameters: 



Quick test of the UASC 
QKY 

Provides a quick test of operation, data length and 
sense option. 

Not applicable 

QKY 

JMPM QKY 

Not applicable 

Return to caller 

Not applicable 



Tables or Files Modified or Read: Not applicable 
Tables or Files Created: Not applicable 



Called By: 
Called From: 
Exception Conditions: 

Timing: 
Size: 



TYPE, TOUT, CNR, OUTC, OUTD 

SENM, BICW, BICR 

If an error occurs, the routine will halt. If in console 
mode, routine will halt after testing the sense option. 

Not applicable 

63 octal words 
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Title: 

Symbolic Name: 

Purpose: 

Description;: 

Entry Points: 

Calling Sequence: 



Set PIM interrupt words 

SETI 

To place a 'JMPM PIMI' in the PIM interrupt locations. 

Not applicable 

SETI 

LDA INTERRUPTLOCATION 
JMPM SETI 



Entrance Parameters: 
Exit Point: 
Exit Parameters: 



A = INTERRUPT LOCATION 

Return to caller 

Not applicable 

Tables or Files Modified or Read: PIM INTERRUPT LOCATIONS 
Tables or Files Created: Not applicable 

Not appliccble 

TMOD, CM.OD 

Not appli coble 

Not applicable 

1 1 octal words 



Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 
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Title: 

Symbolic Name: 

Purpose: 

Description: 

Entry Points: 

Calling Sequence: 

Entrance Parameters: 
Exit Point: 
Exit Parameters: 



Type the messages in X 

TYPE 

Type the message pointed to by the X register. 

Not applicable 

TYPE 

LDXI MESSAGE 
JMPM TYPE 

X = MESSAGE ADDRESS 

Return to caller 

Not applicable 



Tables or Files Modified or Read: Not applicable 
Tables or Files Created: Not applicable 



Called By: 

Called From: 

Exception Conditions: 

Timing: 

Size: 



OUTD 

QKY 

If $CON is zero (console mode), there is no type out. 

Not applicable 

10 octal words 
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TEST SPECIFICATIONS 
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The purpose of fhis secfion is \o describe to what' extent the program has been 
validated in terms of variations in applicable hardware, configurations and other 
— external input parameters. Using the telet/pe mode of operation, actual 

hardcopy of each test variance is presented. This will provide an aid in evaluating 
future claimed discrepancies observed in the program. .--.,.-. 

■ ■ •--: : ■ ■:; :..^:.ii.:!.n:r: : 

4.2 CONFIGURATIONS r - ' 



This program has been exercised on the following hardware configuration: 

1)_ 620/i - 4K memory ; 

4.3 DETAILED DESCRIPTIONS 






The following hard copy printout is provided to validate the responses received 
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Figure 8-1. Overall Schematic, RR-0105/305RA. 
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Figure 8-2. Schematic, Reader/Driver Card II 
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Figure 8-3. Schematic, Power Supply Card. 
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SECTION 1 

GENERAL DESCRIPTION 



K 1 IntroducHon 



•The VDM Parallel 8/16 Bit Controller is a special peripheral controller designed to 
interfoce between the VDM 620 series computers and a variety of 8 bit input or 
output peripherals. Data may be transferred in either sense mode or by means of the 
Buffer Interlace Controller (BICJ. In the output mode, 8 or 16 bit data words may 
be tranferred. In the input mode, only 8 bit words may be transferred. 

1.2 Functional Description 

Ref. Logic Diagrams 9IC0369 
620 Computer Manual 



1.2.1 Device Address 

The device address may be any address from to 77o. The address is decoded from 
EBOO through EB05 and signal lUAX-l (Computer Interrupt Acknowledge). These 
E-Bu$ signals are made available on the wire wrap connectors on the back plane. 
This allows the full device address to be hand wired on the back plane connecta . 
(See para. 3.4). 

1.2.2 External Control 



The mechanization of theEXC commands is as follows: The device address, £811+ 
and Function Ready Pulse (FRYX+) form FUNAD. Lines EB06 through EB08 are 
applied to a binary to 1 of 8 line decode. The decoded outpu ts (DEC thru 8) 
ore further decoded by "ANDING" them with FUNAD, thus, forming EXC decodes 
EXC thru 7. 



1.2.3 Extended External Control 



Extended external control is developed as in 1.2.2 except EB15+ is the gating term 
imt^od of EBIH. 
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^•^•^ Data Transfer In (See Figu r« ? 1-3) 

The data transfer in logic controls the transfer of the eight bit word from the peripheral ^i 

device cable to the input (E) bus. Any of the data transfer in commands (lAR, IBR, IME„ i 

CIA, CIB) transfer the input data (DIXX+) to the E-Bus as follows: 

The device address and EB 13+ enabled flip flop DTIX. The trailing edge of FRYX+ clocks | 

on the flip flop and the trailing edge of DRYX+ resets the flip flop. The output of the 1 

flip flop gates the input data onto the E-Bus. DTIX Is also buffered and sent to the 
external device as STEP+, In the case of a Paper Tape Reader, this pulse will cause 
the tape to move to the next data holes. When this occurs, HRRY (Data Ready) is 
returned from the peripheral device and sets IRDY flip flop, signaling that next data 
I word is ready. 

? 1.2.5 Data Transfer Out 



1.2.5.1 8 Bit Mode (See Figure 1- 4) 

The data transfer out logic controls the; transfer of the data word to the peripheral device. 
Any of the data transfer out commands (OAR, OBR, OME) loads the output buffer as 
follows: 

The device address and EB14+ enables the data transfer out flip flop DTOX. The 
trailing edge of FRYX+ clocks on the flip flop and the trailing edge of DRYX+ clocks 
off the flip flop. 

Data (EBOO-tthru £Bt5-l^) is then clocked into the output buffer (OBXX+) by DOCA+. 
(Buffered DOC-). 



I DOC- (DTOX+ DRYX+) is utilized to fire one shot STRB+. This signal is buffered and 

sent to the peripheral device as DSTRB+, the data strobe. Gating of the least significant 9 

* data bits to the interface cable is accomplished by the term SHI+ (not 16 bit mode). 

^ The output buffer busy flip flop OBFLD+ is set by the trailing edge of DOC+, and reset 

' by the trailing edge of the peripheral device busy pulse (RWDY-). Sensing of the 

OBFLD+ synchronizes data transfer with the peripheral device at its maximum rate. 
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1.2.5.2 16 Bit Mode (See Figure 1-5) 

Set up of fhe data transfer out flip flop and loading of the output buffer register is 
accomplished in the same way as in the 8 bit mode. Additional logic comes into 
play, however, to steer the two 8 bit bytes to the peripheral device. 

EXC 3 is utilized to set the 16 bit mode flip flop. The output of the flip flop enables 
the clock for the STEER flip flop. The most significant bits (EB08 thru EB15) are 
transferred to the interface buffers in conjunction with the first byte strobe (DSTRB) 
developed by DOC+. The reset term (WRDY+) for OBFLD is inhibited by 16 BIT-, 
thus holding the controller in the busy state. Upon receipt of the trailing edge of 
the peripheral device busy pulse (LWRY), the STEER flip flop is set, which gates 
the least significant data bits (EBOO thru EB07+) to the interface buffers and 
develops the second interface strobe. Upon receipt of the trailing edge of the 
second peripheral device busy pulse, the steer flip flop is reset which resets the 
controller busy flip flop OBFLD+. A second 16 bit word may now be transferred 
to the controller. 



j 



1.2.6 Sense Response Logic 

The sense commands check the peripheral device status and are mechanized as follows: 
Function decodes DEC(XX)+ are applied to individual collector OR'd gates which have 
y as second inputs the various status lines. For example: The write peripheral device 

I alert line, WPER+. In the case of the paper tape punch, if this line is true (high) at 

sense time, the device is in an alert (malfunction) state. This causes SERX-I, the sense 
line to the computer, to go true (low) indicating the alert condition. 

Because this controller has been designed for more than one specific application, 
provision has been made within the logic to tie in either high or low active 3tate 
status lines. If the high active state is used, then a ground jumper within the 
peripheral cable is required to disable the low active state input. This jumper 
will be flagged in Table 3.2 (pin assignment) of the pertinent engineering description. 

1.2.7 BIC Control Logic 

BIC transfer may be made in either input or output mode. Once the BIC is connected 
to the computer, it sends out DCEX-B which enables the set gate of flip flop CDCX. 
EXC connect BIC for either input or output will then set CDCX. CDCX-B is returned 
to the BIC indicating data transfer is now under control of BIC. 
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When the peripheral device is ready (BRDY-) transfer request line TRQX-B is 
forced true (low). The BIC responds by forcing transfer acknowledge line TAKX-B 
true )low). The BIC enabled term BOCE-, in the case of an output transfer, goes 
true and enables data transfer out flip flop DTOX+ which initiates a data transfer 
out operation. In the case of a data transfer in operation, BICF- goe?, true 
and enables DTIX which initiates a data transfer in operation. This sequence of events 
occurs in synchronization with the peripheral device ready line until the BIC 
block transfer is complete. A BIC complete (DESX-B) pulse is received by the 
controller which resets flip flop CDCX. 

If, at any time, a peripheral alert is received from the peripheral device during a 
BIC block transfer, signal BICAL- is pulled true (low). This generates BCDX-B 
which is returned to the BIC as a stop command. The BIC will then abort the 
transfer by returning DESX-B. 



1.2.8 



Interrupts 



There are two interrupts available: Write Ready (WINT-) and Read Ready (RIN7-). 
These interrupts are the differentiated trailing edges of OBFLD-t and IRDY+ flip flops 
respectively. r r / 



1.2.9 



Special Logic 



1.2.9.1 



Sprocket Recognition (Paper Tape Reader Input) 



During a Paper Tape input operation, special logic has been incorporated to condition 
the ready line (RRDY+) so that IRDY+ will not be set if the paper tape reaches the 
end. (No stop code is present on the tape.) Sprocket pulse FH+ is differentiated 
The resulting pulse sets flip flop SPROC+. This level is "ANDed" with RRDY+ and 
the result is utilized as the IRDY+ flip flop set clock. If no further sprockets 
pulses appear, RRDY+ is inhibited from setting IRDY, 



1.2.9.2 
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TABLE 1-1 CONTROLLER MNEMONICS 



MNEMONIC 
ADDR+ 
ASCII + 

BCDX-B 

BICAL- 

BICE- 

BOCE- 

BRDY- 

CDCX + 

DA(XX)+ 

DCEX~B 

DEC(X)- 

DESX-B 

DI(XX)+ 

DOC+ 

DOCA+ 

DRYX-I 

DSTRB+ 

DTIX + 

DTOX + 

DWRDY+ 



DESCRIPTION 

Decoded Device Address 

Flip Flop to allow 8 bit ASCII 

code to be sent to the DP2000 Series 

Printer. 

BIC Device Disconnect 

BIC Abort from peripheral device. 

BIC Input Enable Line to DTIX Flip Flop 

BIC Output Enable Line to DTOX Flip Flop 

Data Ready to BIC 

BIC Connected Flip Flop 

Decoded Device Address ANDed 
with interrupt acknowledge 

BIC Device Connect 

EB6 through EB8 Decode 

BIC Disconnect 

Input Data from peripheral device 

Reset term for DTOX Flip Flop 

Strobe for Output Buffer (Buffered DOC-^) 

Data Ready Pulse from CPU 

Data Strobe to peripheral device 

Data Transfer In Flip Flop 

Data Transfer Out Flip Flop 

Optional Write Ready Line for use when 
peripheral device does not supply one. 



SOURCE 
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TABLE 1-1 

MNEMONIC 

FB(XX)+ 

EXCBO- 

EXCB1- 

EXC(X)+ 

FH+ 

FRYX-I 

FORMA T-+ 

FUNAD- 

INIT+ 

I0RDY+ 

IRDY+ 

lUAX-l 

N0PCH- 

OBFLD + 

OB(XX)+ 

OR(XX)A+ 
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DESCRIPTION 

E-Bus Bits 00 thru 15 

Extended FXC Decode 

Extended EXC Dscode 1 

EXC Decodes thru 7 

Sprocket Pulse from Peripheral Device 

Function Ready l*ulse from CPU 

Format Flip Flop to transfer paper 
moving information to DP2000 Series 
Line Printer. 

Function Command and Device Address 

Initialize commend. 

Read or Write Ready 

Read Ready Flip Flop 

Interrupt Acknowledge Pulse 

Inhibit OBFLD-^ "lip flop if no output 
device connected. 

Output Buffer Loaded Flip Flop 

Output Buffer Data Bits 00 thru 15 

Output Bits 00 thru 15 at Interface 
Connector 

Read Mode Flip Flop 

Read Ready Interrupt 

Read Peripheral Alert 

Read Ready 



T CODE 

! fDFNT NO 

21101 



mmmma 



SOURCE 



t-W^B*?.*^. '^^i>lim&. 



98A0792 



t 



SH /^ Of^ ^i^jj^t 



V i 



V6A0039-000B 



TABLE 1-1 
MNEMONIC 
SERX-I 
SHI+ 

SHI- 

SPROC+ 
STEER+ 

STEP+ 

SYRT-I 

TAKX-B 

TR0X-B 

TRQX-B 

WINT- 

WPER+ 

WRDY+ 

Z0NSEL+ 

16 BIT+ 



DESCRIPTION 

Sense Line to CPU 

Strobe for bits 00 thry 07 to interface 
connector 

Strobe for bits 08 thru 15 to interface 
connector 

Sprocket flip flop 

Steer flip flop steers logic to second 
output data byte. 

Step Pulse to external device to bring 
In new data. 

Manual system reset from CPU. 

BIC Transfer Pulse 

Transfer Out Pulse 

Transfer Request Pulse 

Write Ready Interrupt 

Write Peripheral Alerl 

Write Ready Pulse 

Zone Select Flip Flop (Option) 

16 Bit Mode Flip Flop 



SOURCE 
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^•^ Control ier Specifications 

This section contains the principle specifications for the controller, 

CHARACTERISTICS DESCRIPTION 



Control Capability 



I/O Capability 



Logic Levels 

Negative Logic 

Positive Logic 

System Programming 



iize 



Power Requirements 
Operational Environment 



Any peripheral device whose requirements ait; eiyht data | 
lines in or out with coincident strobe. The peripheral | 

device must supply two more lines. A peripheral f 

alert line and peripheral ready line. Both on ^ 
input and an output device may be controlled 

on a time sharing basis. All lines must be | 

TTL compatible. | 

Seven External Control Commands (EXC); | 

two E;xtended External Control Commands (EXCB)^ I 

six Sense Commands (SEN), three Data Tran:;ter | 
Out Commands (OAR, OBR, OME), five Data 
Transfer In Commands (INA, INS, IME, CIA, 
CIB). 



Logic 1 = to O.SVdc. 
Logic = +2.4 to +5.0Vdc. 

Logic 1 = +2.4 to +5.0Vdc 
Logic ^0 to +0.5Vdc 

Permits operating the system on an interrupt basis 
or by programmed sense response loops. BIC 
capability is also available. In the output mode. 
The CPU may transfer 8 or 16 bit (two 8 bit bytes) 
wordi.. In the input mode, only 8 bit words moy be 
transferred. 

Packaged on a single circuit card measuring 
12.7 inches by 7.7 inches. 



+5 Volts DC ^ /Af^f^ 

Oto ^O'^C, Oto 9G°R.H 
(without condensation) 
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Paper Tape System - General Specifications 
Facif Punch Model 4070 



Punch speed: 
Row spacing: 
Tape feed: 
Feed accuracy: 



Max 75 rows per second at nominal voltage and frequency 

2.54 mm (0.1") 

Incremental, externally controlled 

Complies with ISO standard 
Adjacent rows, 3% 
10 rows, 1% 
50 rows, 0.5% 



Punch hble configuration: 5-8 track iSO standard 

6-track typesetting 



Tape widths: 



Tape thickness: 

Type of tape: 

Tape reel hub: 

Outside diameter of 
tape reel: 

Dimensions: 

Weight: 

Mains connection: 



5-track 17.46 +0.05 mm (.687" + .002") 
6-track 22.23 +0.05mm (.875" + 002") 
7-track 22.23 + 0.05mm (.875""+. 002") 
8-track 25.4 +0. 05mm (1.000" +.002") 

Punch is adjusted for 0, 1mm tape on delivery, but can be 
reset for tapes ranging from 0.08 mm to approximately 0. 12mm 
in thickness. 

Paper, mylar or plastic tape complying with ISO standard 
Accepts 51 - 52 mm (2") cores 
Up to 200 mm (8") 



Length 515mm (20.3") 
Width 205mm (8.1") 
Height 210mm (8.3") 

I3kg(29|bs.) 

Mains voltage shall not be connected up to punch units - control 
units supply the punch units with voltage 
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Voltage: 


220 V + 10% single phase 50 Hz + 2Hz i 

220 V ^ 10% single phase 60Hz + 2Hz i ,^,^^^ ^,j^^,^,j^ 

115 V + 10%. single phase 50 Hz + 2Hz ( 

1 15 V + 10% single phase 60Hz + 2Hz j 




Power Consumption: 


Approximately 90W 




Control Unit 






Ambi^wMemperature: 


0°C - +40°C 




Relative Humidity: 


tAax 85% 




Dimemldns: 


Length (incl. connectors) 600 mm (23.6") 
Width 262 mm (10.3") 
Height 170 mm (6.7") 




AC iwptrr Voltage: 


115 V, 127 V, 220 V and 240 V + 15% -10% 
-Iphase AC, grounded mains voltage inlet 




AC li4J>(/r' Frequency: 


50 -60 Hz + 2 Hz 





Power consumption: Max 200W with punch motor connected at rated voltage 



Voltage outlet for punch: 



Input logic levels: 

Start pulse 
Punch motor start 
Data signals 



Grounded outlet for 1-phase AC 

Voltage, 220 V +15% 

Current, max 1. lA 

Frequency, same as mains frequency 

Output impedance, max 12 ohms 



Logical 1, +4V to +25V 

Logical 0, +2 V to -25V 

Input impedance min 1.5 kohm, max 200 pf 
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Sfart pulse: 


Start, logical 1 




Not start, logical 




Pulse duration, 0. 1 - 3ms 




Rise time, max lOus 


Data signal: 


8 parallel lines. A DC voltage or a pulse with a 




duration of at least 0. 1 ms arrives simultaneously with the 




start pulse. 

U^U U-J — 1 1 




Output logic levels: 
Ready signal 



Register: 



Not hole, logical 

Negative logic 

Punch ready for start pulse and data signals 

Logical 1, nominal +5 V 

(can range from +4.3 V to +5. 1 V) max 2 mA 

Punch not ready 

Logical 0, V to +0.3 V 

max 20 mA 

Switching time, max 2us 

The punch register stores one row ( 8 bits). 



Internally programmed functions 



Blank tape: 
Mark character: 



Lever on punch unit can be used to feed out tape punched only 
with feed hole. 

Same lever can be used to feed out tape punched with a 
special mark character which can comprise any combination 
of holes specified by the customer. As standard, all-holes 
tape is punched out. 



Connections and controls 



I 



The punch unit is connected to the control unit via a signal cable and power cable. 
The co|>h-ol unit shall be connected to mains having the voltage specified on its 
namepkite. 
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M4KS 



on/off power switch: 

Line Fuse: 
Punch fuse: 



This control unit switch turns on power througliout 
the system and lights an indicator lamp in the s vitd 

3 A time-delay fuse is used in all control unit,. 

0.5 A time-delay fuse. Rack 'nodel, 1 A tirne-deic / 
fuse. 



For further information, se. the Instruction ^ook for the Facit 407 J. 
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1.4.2 Remex Reader Model RRX 1 150BBX/650 



T ape Movement 
Reading Speed 

Tapes 



Input Power 



Temperature 
Weight: 



Mounting 
Dimensions 



Drive Control 
(Remex Mode 6) 



Data Output 
(Remex Mode 5) 



Slew Mode Operation 



Bidirectional (^anua! Opcratiovj (ji\W\) 

150 characters per second, ' 10% in continuous 
mode and asynchronously at any speed up to 
150 characters per second. See Section 5.4.5. 

Reads standard 8-track (1-inch) tapes with S 

light transmissivity of 57% or less and 
thickness between 0.0027 and 0.0045 inch 
(oiled buff paper tape). Options for 6 channel 
typesetter available. a 

115 VAC (RRX 1 150BBX/650/S000) or 230 VAC 
(RRXn50BBX/650/E000), +10%, 47 to 420 Hz. . 

single phase at 0.6 amp peak (115 VAC) or 0.3 amp I 
(230 VAC). 100 VAC, 47 to 420 Hz option 
also available. 

Operating: 0°C to +55^C, free air. 
Non-operating: -55°C to +85°C. 

RR-1150BBX: 12 lbs. 
RRF1150BBX: 13 lbs. 

RR-n50BBX/650: 5-1/4" high, 19" wide, 6" 
behind 1/4" panel, 2-1/2" In front of panel. 

RRF1150BBX/650: 7" high, 19" wide, 6" behind 
1/4" panel, 2-1/2" in front 
of panel . 

Stop: +2.4 V ^5.0 (2K to +5V) or open 

circuit 
Drive: V +0.4(§ 5ma. 

Hole: +2,4 V +5,0 (cv 0.2 ma 

(2.2K resistor to +5V dc) 

No hole: V -^A@ 16 ma. (sirk) 

Data envelops sprocket by at least 100 usee on 

both rising and falling edges. 
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SECTION 2 
PROGRAMMING 




2.1 



PAPER TAPE SYSTEM PROGR^^MMING REQUIREMENTS 



Vrm poper tape system may be programmed in a multf'-peripheral environment 
by the external Interrupt itructure or individually selected by programmed response 
loops. Four EXC instructions control the operations with data transfers and sense 
interrogotions affected by standard 620 programming methods. B?C capability \s 
also available. 



2.2 



Description of Commands 



There ore a total of seventeen instructions reserved for use with the paper tape system. 
These include four external functions, eight transfers, and five sense. The 
reserved instructions are listed and described in the paraypphs that follow. It is assumed 
here that the paper tope system is assignfld to device odotess 37. 



2,2.1 


External Control 


EXC(N=0 


or 1) 


100N37 


EXC.3 




100337 


EXC 4 




100437 


EXC (N=2 


or 5) 


100N37 


2.2,2 


Sense 




SEN 1 




101137 


SEN. 2 




101237 


SEN 5 




101537 


SEN 6 




101637 


SEN 7 




101737 


2.2.3 


Data Transfer Out 


OAR 




103137 


OIR 




103237 


OME 




103037 



Write Connect (BIG) 
16 Bit Output Mode 
Initialize Controller 
Read Connect (BIG) 



Write Ready 

Read Ready 

Read and Write Ready 

Write Peripheral Alert 

Reed Peripheral Alert 



Output A Register 
Output B Register 

Output from Memory 



® 



varifln data mactiinet 



gammsmmmmmmamm 
96AOO39-000B 



CODE 
IDENT NO. 

21101 



MSaSL 



SH^^ Of JS 



REV 

\mmmmii 



2.2.4 


Data Transfer In 




INA 
INB 
IME 
CIA 
CIB 


102137 
102237 
102037 
102537 
102637 


Input to A Register 

Input to B Register 

Input to Memory 

Clear and Input to A Register 

Clear and Input to B Register 


2.3 


Instruction Set Description 




2.3.1 


External Control Commands 




BIC Write Connect (EXC or 1) 





This command connects the controller to a 620 BIC for output of data to the 

paper tape punch under DMA control. It should be issued after the BIC is initialized 

and loaded with the parameters of the DMA Transfer. DMA operation requires a BIC 
option. 

BIC Read Connect (EXC 2 or 5) 

This command connects the controller to a 620 BIC for input of data from the paper 
tape reader under DMA control. It should be issued after the BIC is initialized and 
loaded with the parameters of the DMA Transfer. 

16 Bit Output AAode (EXC 3) 

In the 16 bit mode, a 16 bit (2 bytes) data word may be sent to the controller. The 
controller will transmit this data to the punch in two 8 bit bytes. The first byte will 
correspond to CPU bits 08 through 15 and the second byte CPU bits 00 through 07. 
(See Figure 2-1.) The controller will hang up in a busy state during the full 
two byte transfer to the punch. 

Initialize (EXC 4) 

This command initializes the controller to the following state: 

Write Ready 
BIC disconnected 
Eight Bit Mode 
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2.3.2 Senf Commondt 
Wftf R— dy (SEN 1) 

This initruction is answered affirmative when the paper tape punch is ready to accept 
a data character. 

Read Ready (SEN 2) 

This instruction is answered affirmative when the paper tape reader is available and a 
'previous sproclcet hole has been recognizisd. 

Read/Write Ready (SEN 5) 

This instruction is answered in the affirmtative when the punch is ready to 
accept data and reader data is available. 

Write Peripheral Alert (SEN 6) 

This instruction is answered in the affirmative when there is a punch alert for 
the following conditions: 

Punch Power not on 
No paper tape 

Read Peripheral Alert (SEN 7) 

This instruction Is answered in the affirmative when there is a reader alert for the 
following conditions: 

Reader Power not on 

Run load switch In load position 



2.3.3 Dota Transfer Out Commands 

Any of the data transfer out commands (OAR, OBR, OME) loads the 16 bit 
output buffer register with E-But bits C)0 l^hrough 15. If the controller is In the 
8 bit mode (tnitfallze), only E-Bus bits 00 through 07 will be transferred to the 
punch. If D(C I (16 bit mode) hoi been previously executed, then two bytes 
will be traniferred to the punch.E-Bus bii^s 08 through 15 will be the first byte and 
E-Bui bits 00 through 07 will be the second byte. 





varlmi date mactilnes IDENT NO. | 98A 0792 | ^ 

SH26 OF SS REV 



96A0039-000B 



2.3.4 



Data Transfer In 



Any of the data transfer in commands (INA, INB, IME, CIA, CIB) will input 
an 8 bit data word to the CPU E-Bus. See Figure 2.2 for data E-Bus 
relationships. 



2.3.5 



Interrupts 



There are two interrupts available: Write Ready and Read Ready. These 
interrupts correspond to SENS 1 and SENS 2 respectively. 



2.4, 



Typical Operations and Programs 



Flow diagrams of typical operating sequences for reading tapes under programmed 
sense control are illustrated in figure 2. 1. 
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2.5 



Data Format 



The E-Bm to input or output bits relationship is shown in Figure 2A.2, 



Figure aA-2 - E- Bus to Data Relationship 



Input or Output 8 Bit Mode 



1 

7 


6 


5 


4 


3 


2 
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4 


3 


2 
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Hole 
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O 00 
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12 



11 



10 
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I III 1 1 in, III 
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First Byte 
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Second Byte 
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2 . 6 Modeli Appllcoble Punch c ind/ or Reoder 

The following pap«r tope models can bo operated using this conti oiler. 

620- 5 lA Paper Tape Reader (150 cps) 

62(h55it Paper Tape Reader (150 cps) Paper Tape Punch {75 cps) 

The ptpf tape reader is defined in procurement specification 35A0082 and is the 
Remex 150 cps Reader Model RR(X)-150BBX/650. 

The paper tape punch is defined in procurement specification 35A0071 or 3f ^0^77 3,^^ 
75 cps model 4070. 
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SECTION 3 
INSTALLATION 



3.1 



General 



InstallaHon of the Paper Tape System in the field is normally accomplished by Variar. 
Data Machines Customer Service Engineers. Logic diagrams, assembly layout, and 
Eng. Description Ji*e provided at the time of purchase. The following Installation 
data is provided for planning purposes. 



3.2 



Pre-lnstal lotion Requirements 



Prior to the installation of the system, proper operation of the computer should be 

assured through use of the diagnostic test routines described in the 620 Maintenance Manual 

An Expansion/Peripheral Controller Chassis must be installed in close proximity 

to the computer. The chassis is connected to the I/O bus by means of the I/O cable. 

TheX/oBUS JS. THPMIKIATEO AT TME LAST EkPAMSIOK) CWAS5IS 






% 
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varian data machines 

a varian suhsi.) ■' • 



CODE 
IDENT NO. 

21101 




SH 3/ o? 3S REV 




%A0039-000B 



3.3 



Wiring Requirements 



3.3.1 Controller Back Plane Wirin g 

The controller requires one card slot spiace. It uses the standard back plane I/O 
bus and power wiring used with the expansion chassis (See table 3-1). 



3.3.2 Peripheral Device Cabling 

There Is one cable connecting each peripheral device to the controller The output 
cable Is connected to controller edge connector J 1 and the input coble is conneclfed 
to controller edge connector J2. Pin assignments are shown in Table 3.2 and Table 3. J, 
respectively. See Figure 3-1 for typical Installation. 
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TABLE 3-1 



Controller Card, PI Pin Assignments 



PIN 



MNEMONICS 



1 


GND 


2 


EBOO-I 


4 


EBOl-l 


6 


EB02-I 


8 


EB03-I 


10 


EB04-I 


n 


EB05-I 


12 


EB06-I 


13 


EB07-I 


14 


EB08-I 


15 


EB09^I 


16 


EBIO^'I 


17 


EBll-l 


18 


EB12-i 


19 


EB13-I 


20 


EB14-I 


21 


EB15-I 


27 


FRYX-I 


29 


DRYX-I 


31 


SERX-I 


43 


SYRT-I 


44 


lUAX-l 


48 


GND 


49 


TRQX-B 


50 


TR0X-B 


52 


BCDX-B 


54 


CDCX-B 


56 


DCEX-B 


58 


TAKX-B 


60 


DESX-B 



PIN 



MNEMONICS 



64 


EBOOf 


65 


EBOO- 


66 


EBOr+ 


67 


EB01 + 


68 


EBOl- 


69 


EB1X+ 


70 


EB02+ 


71 


EB02- 


72 


EB2I+ 


76 


EB3I+ 


TJ 


EB4I+ 


78 


EB5lr 


82 


EB03+ 


83 


EB03- 


84 


EB04-f 


85 


EB04- 


86 


EB05- 


87 


EB05+ 


90 


RINT- 


96 


WINT- 


100 


GND 


118 


+5V 


122 


GND 
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Table 3-2 J1 Pin Assignments 



PIN 

1 
1 

5 

7 

8 

9 
10 

n 
iz 

13 

14 

15 
I6> 
17 
IB 

19 
2d 

21 

23 
Z4 
25 

27 
Zb 
29 
26 
32 



MNEMONIC 



DSTRB+ 

OR03+ 

Ec+ 

OR02+ 

ORQ1+ 

OR00+ 

OR07+ 

OR06+ 

Ret 

OR04+ 

OR05+ 

ec+ 

HWRY+ 
Ret 
LWRY- 

ect 



HWPER- 

e€t 

DSTRB- 
Eet 

LWPER+ ■' 

get 

NO PCH- 



DESCRIPTION 



Strobe 



Data 



Ready 

"ReotJy" 

A-tSiir" 

"STrofee" 

Alert 

Device connected 



SOURCE 
Con+ roller 



Cor\trcA\e.r 



* This line is grounded within the cable (pKcf. Paragraph 1.2.6). 
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TABLE 3-5 J2 Pin 


Assignments 


PIN 


MNEMONIC 


DESCRIPTION 


1 


Pf-f 




2 


DIOO+ 






!i 


eet 






4 


DI03+ 




Data 


G 


Bc+ 






6 


DI02+ 






7 


eet 






8 


DI01+ 






5 


ec-v - 






10 


STEP+ 


Send Data 


11 


ett- 




12 

14 

(5 


LRRY+ 
HRRY- 
HRPER- 


Data Ready 


Dara Ready 


16 


Alert 


17 


Ect 




18 


FH+ 


Sprocket Pulse 


1^ 
20 


Bet 
STEP- 




Send Data 


22 


LRPER+ 


Alert 


IS 


e.ct , 






35 


DI05+ 






56> 


eei- 






37 


DI06+ 




Data 


^8 


(2e+ 






39 


0104+ 






40 


Cet 






41 


0107+ 
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3.4 



Device Address 



Any a<idress from to 11 may be wired in on the back plane. Table 3-4 lists tho 
true? and complement inputs and outputs of the l/O bus addr(?ss bits. Table 3-5 
lists wiring connections required for the least significant portion of the device addr 
and Table 2-6 lists wiring connections required for the most significant portion 
of the device address. Device address of first paper tape system is normally 37go 



TABLE 3-4 


De 


vice 


Address Input and Oi 


jtput 


Pins 


TERM 


PIN 


(PI) 


TERM 




PIN (PI) 


EBOO+ 


64 




EB03+ 




82 


EBOO- 


65 




EB03- 




83 


EBOI+ 


66 




EB3I+ 




76 


EB01 + 


67 




EB04+ 




84 


EBOl- 


68 




EB04- 




85 


EB1I+ 


69 




EB4I+ 




11 


EB02+ 


70 




EB05+ 




86 


EB02- 


71 




EB05- 




87 


EB2I + 


72 




EB5I+ 




78 



TABLE 3-5 



DEVICE ADDRESS 



Device A ddress Jumper s (least significant address) 



XO 



XI 



X2 



X3 



JUMPER PINS 

65 to 66 
68 to 69 
71 to 72 

64 to 66 
68 to 69 
71 to 72 

65 to 66 
67 to 69 
71 to 72 

64 to 68 
67 to 69 
71 to 72 



DEVICE ADDRESS 



X4 



X5 



X6 



X7 



JU MPER PI_NS 

65 to 66 
68 to 69 
70 to 72 

64 to 66 
68 to 69 
70 to 72 

65 to 66 
67 to 69 
70 to 72 

64 to 66 
67 to 69 
70 to 72 
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TABLE 3.6 Device Address Jumpers (most »tgnificanf qddress) 

DEVICE ADDRESS JUMPER PINS DEVICE ADDRESS 



OX 



IX 



2X 



3X 



83 to 76 
85 to 77 
87 to 78 

82 to 76 
85 to 77 
87 to 78 

83 to 76 

84 to 77 
87 to 78 

82 to 76 
84 to 11 
87 to 78 



4X 



«X 



6X 



7X 



JUMPER PINS 

83 to 76 

85 to 77 

86 to 78 

82 to 76 

85 to 11 

86 to 78 

83 to 76 

84 to 77 
86 to 78 

82 to 76 
84 to 11 
86 to 78 



3.5 Peripheral Device InstallqtJon and Operation 



3.5.1 



General 



A complete description and operating instructions will be found in the peripheral 
device maintenance and operation manual that is delivered with the system. 



% 
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SECTION 4 

4.1 General 

This section defines the appropriate equipment, diagnostic routines, and 
reqttltied tests to insure the controller's proper performance. Maintenance 
retirements for the peripheral device are called out in the appropriate 
per^jherol device instruction manual . 

4.2 Maintenance of the Contr oller 

The foUowing are standard hardware and software devices for checkout. 
Addl^Hn and/or deletion of these devices may be mode in the future, 
if nftlsiory. 

4.2 « 1 Test Equipment 

The .Tektronix 545 Oscilloscope or one of similar performance specification 
isr^^fred. 

4.2.2 Tools 

A ttliliiard extender board allows for easy access to the controller during 
test, 

4.2.3 Software (Diagnostic) 

Test uffilized for diagnosis and trouble shooting of the controller and peripheral 
devMll ore as follows: 



msr r/^oQT^HA¥ 3^^00/07-0^.5 



4.3 Maintenance of the Periph eral Device 

Matiptenance procedures are completely defined in the peripheral device 
mairi^nance manual. 
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SECTION 1 

TEST PROGRAM OVERVIEW 

M INTRODUCTION 

The 620 Paper Tape Sysfem and BIC Tesf determines whether or not the high 
speed paper tape system and BIC are functioning correctly. The paper tape 
punch and paper tape reader can be tested with the same controller or with 
separate controllers. Punch, step-read, and continuous-regd modes are checked, 
The BIC IS thoroughly tested in a special BIC subtest but can also be employed 
m the punch and continuous - read areas. 

The special case of the abnormal device stop occurring prior to the first data 
transfer is not tested. 

The 620 Paper Tape System and BIC Test operates with the 620 Test Executive 
and thus uses standard teletype I/O routines and is equipped with both a 
Console Mode and a Teletype Mode (see Manual No. 98A9952-06R). 

1.2 PROGRAM DESIGN OVERVIEW 

The^program first allows the user to indicate whether he wishes to test the BIC 
or the paper tape system. If he wishes to test the paper tape system (punch and/ 
or reader), he may test the punch process in sense, PIM, or BIC mode; the 

m!r''^''l^'°''^? '" '^"'^ ""■ ^^^ "'^^^^ °' ^^® continuous-read process in sense; 
PIM or BIC mode. If he wishes to test the BfC, he may test it with or without 
a BIC - through interrupt. All device addresses, trap locations, and interrupt 
masks are Input from the user. Data patterns are set by the user in the paper 
tape section of the test. 

The BIC section of the test checks all critical address ranges for the Initial 
and final BIC registers. The provided test tape (92V0107-023) must be used 
for this test. 

1 .3 HARDWARE SUMMARY 

The following hardware items are required or are optional to use this program: 

1 . A 73/620 series computer with at least 4K of memory. 

2. A High Speed Paper Tape Reader. 

3. A High Speed Paper Punch*. 

4. (Optional) PIM. 

7u ^ u^'V""/^ ^? ^'"P'^y^d if only the High Speed Paper Tape Punch or only 
the High Speed Paper Tape Reader is available. 
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5. (Optional) BIC (necessary for BIC section of test) 



A hardware diagram is given below: 



620 

(at least 

4K of memory) 




ASR 33/35 
teletype 
i(optional 




/ " PIM 

interrupts _^ 



(optiona 
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SECTION 2 

EXTERNAL SPECIFICATIONS 



2.1 GENERAL 



The external specification provides all the operating procedures and Information 
pertinent to user interface. 



2.2 LOADING PROCEDURE 

The 620 Paper Tape and BIC Test is available as an object tape. 

2.2.1 

The user must secure a copy of the 620 Test Executive object tape 
(part number 92U01 07-001). The device used to load the tapes can be the ASR33 
or ASR35 teletype paper tape reader or the high speed paper tape reader. The 
620 Test Executive Is loaded first and executed to set the Console/Teletype Mode 
flag (see 2,3) according to the user's entry point. The 620 Paper Tape and BIC 
Test is then loaded either by typing an "L." from the 620 Test Executive (if a 
teletype is being used), or by loading it from the console. 



2.2.2 

The user must then load the programs by manually starting the appropriate Executive 
loader (see manual number 98A9952-06R). 



2.3 OPERATING PROCEDURE 

After loading the 620 Test Executive, and the 620 Paper Tape and BIC Test, and setting 
the Console/Teletype Mode flag by entry point to the 620 Test 

Executive, the user sets the program counter to 0500 and resets SS3. The two pro- 
cedures for Console and for Teletype Mode are given next. 



^•^'^ Sense Sw itch Settings 

Switch 'Set^ 

1 Suppress error printouts 



'Reset' 



Print Error messages 
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SS2 



SS3 



Halt on error (continue after 
error halt) 

Terminate current operation 
return to beginning of test 



Do not halt on error 



Continue test 



1 



2.3.2 Teletype Mode 

After starting the program at 0500, the teletype prints: 

620 PAPER TAPE AND BIC TEST 

PT PUNCH DA = 

The user then inputs the octal device cddress of the high speed paper tape punch 

followed by a period or comma. 

The teletype then prints: 

PT READER DA = 

The user then inputs the octal device cddress of the high speed paper tape reader 
followed by a period or comma. 

The teletype then prints: 

BIC TEST REQUESTED? 

The user then responds with a 'Y' or on 'N' for 'yes' or 'no', respectively (no 
period or comma is input), if 'Y' is input see 2.3.2.2, 

2.3.2.1 

If 'N' is input, the test types: 

BIC USED? 

The user then responds with a 'Y' or an 'N' (no period or comma is input). 

If the answer was 'Y\ the test types: 

BIC DA - 

The user then inputs the octal device address of the BIC followed by 
period or comma. 
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The test then continues at 2. 3.2. 1 . 2. 

If the answer was 'N' to BIC USED?, the test types: 

PIM USED? 

The user then responds with a 'Y' or an 'N' (no period or comma is input). 

If the answer was 'N', the test then continues at 2.3.2. 1.2. 

2.3.2.1.1 

If the answer was 'Y', the test types: 

PIM DA = 

The user then inputs the octal device address of the PIM followed by a 
period or comma , 

The test then types: 

TRAP LOCATION = 

The Liser then inputs the octal address of the trap branch for the interrupt line being 
used followed by a period or comma. 

The test then types: 

INTERRUPT MASK - 

The user then inputs the interrupt mask which masks- out all interrupts but the one 
being used followed by a period or comma. See table in 2.3.4. 

2.3.2.1.2 

After the I/O mode information is set, the test types: 

INPUT TEST TYPE 

The user then inputs 'P', 'R', or 'H' for 'punch', 'step-read', or 'continuous-read', 
respectively. If he wishes to use the data set last used (or on the first pass, the 
assembler default), he then inputs '.'. Otherwise he inputs ',' and the test types: 

INPUT LOWER LIMIT, UPPER DATA LIMIT, AND DATA BLOCK SIZE 
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The user then inputs 3 octal values in succession corresponding, respectively, to 
these terms and separated by commas or periods and ending with a period or comma. 

The test then types: 

CYCLES = 

The user then inputs the number of cycles in octal or for continuOus^fol lowed 
by a period or comma. 

If the 'R' parameter was input for the test type, the test types: 

TIME DELAY = 

The user then inputs a positive number which produces a time delay of 13 times 
that number times the CPU cycle time. This delay is executed prior to executing 
the step- read command after the buffer ready is sensed. If the user inputs a neg- 
ative number, a random number generator Is invoked to give successive random 
wait periods to be executed instead. The value input must be followed by a 
period or comma . 

After all [his information is Input the lest is performed according to the given para- 
meters. An error condition produces a descriptive message as given in 2.4. When 
the test is done the following Is printed: 

BIC TEST REQUESTED? 

The process Is then restarted, with the difference that device addresses, trap lo- 
cations, and interrupt masks are input only once, unless SS3 Is hit or the test 
restarted at 0500. 
2.3.2.2 

If 'Y' is Input to 'BIC TEST REQUESTED?', the user must place the pro- 
vided test tape (92V0107-023) in the reader positioned anywhere on the 
initial blank leader. The test types the following: 
BIC DA - 

The us3r tlien mputs the BIC device address In octal, followed by a period or com mo . 
The test then types: 

PIM USED? 

The user responds by inputting 'Y' or 'N' (no period or comma is Input). If 'N' 

* When using the BIC to output or input data a maximum of 0400 is allowed 
for the data block size parameter,, due to the provided buffer length. 




varjan data machines 

a vanan subsidiary 



CODE 
IDENT NO. 

21101 



89A01 89 



96A0039-000B 



^" g ""'^f 



If) 



is input the interrupt parameters are skipped. 

if 'Y' is input, the test types: 

PIM DA = 

The user then inputs the octal value of the PIM device address followed by a period 
or comma. 

The test then types: 

TRAP LOCATION = 

The user then inputs the address for the trap branch for the interrupt line to be used. 
This is followed by a period or comma. 

The test then types: 

INTERRUPT MASK = 

The user then inputs the interrupt mask which masks-out the interrupt lines not used , 
followed by a period or comma. See table in 2.3.4. 

The test then types: 

CYCLES = 

The user then inputs the number of cycles In octal or for continuous followed by 
a period or comma. 

The BIC test is then performed. The BIC test tape is read into the memory at the 
critical location^* If an error occurs, a descriptive message is typed (as given in 

2.4). 

When the test is through, the test types: 
BIC TEST REQUESTED? 

The process is then restarted, with the difference that device addresses, trap lo- 
cations, and interrupt masks are input only once, unless SS3 is hit or the test re- 
started at 0500. 



^'"^"^ Console Mode 

After starting the program at 0500, the program halts with 020 in the Instruction 
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register. The user sets the A-register to the high speed paper tape punch device 
address and the B-register to the high speed paper tape reader address. He then 
hits 'RUN' and the program halts with 021 in the instruction register. The user 
then sets the A-register to '1 ' or '0' for BIC test or no BIC test, respectively. 
The user then hits 'RUN'. If the BIC test was specified see 2.3.3.2. 



2.3.3.1 

If the BIC test is not indicated, the test halts with 022 in the instruction register. 
The user sets the A-register to '-1', '0', or '1' for BIC mode, sense mode, and PIM 
mode, respectively. If the Bl C mode is specified, the user must put the BIC device 
address in the B-register. 'RUN' is then hit. If sense or BIC mode was specified, 
the test goes to 2. 3.3. 1 .2. 



2.3.3.1.1 

If PIM mode was specified, the test halts with 023 in the Instruction register. The 
user then places the PIM device addresi; in the A-register, the trap location in 
the B-register, and the interrupt mask in the X-register (see table 2.3.4). The 
user then hits 'RUN', (see 2.3.3.1.2) 



2.3.3.1.2 

The test halts with 024 in the instruction register. The user then sets the A-register 
to 0, 1 , or 2 for the punch test, the st€!p-read test, or the continuous-read test, 
respectively. He then hits 'RUN'. 

In any case the test then halts with 026 in the instruction register. The user then 
places the lower data limit in the A-register, the upper data limit in the B-register, 
and the data block sizei* in the X-register. He then hits 'RUN'. 

The test then halts with 027 in the irstruction register. The user then sets the A- 
register to the cycle count (0 means caitinuous) and hits 'RUN'. 

If the step-read option was specified, the test halts with 025 in the instruction reg- 
ister. The user sets the A-register to a positive number or a negative number. If 
the number is positive, a time delay of 13 times that number times the CPU cycle 
time Is executed prior to executing the step-read comnxind after the buffer ready 
is sensed. If the number is negative, a random number generation Is invoked to 
give successive random wait periocteto be executed instead. 
After all this information is obtained, the test is performed according to the given 

* When using the BIC ''o output or input data a maximum of 0400 is allowed for the 
data b lock size porameter, due to the provided buffer length. 




varian data mactiines 

a varian subsidiary 



CODE 
IDENT NO. 

21101 



89A01 89 



SH /(D OF Jf 




REV 



96A0039-000B 



parameters. An error condiflon produces a halt as given in 2. 6. 

When the test is done, a halt occurs with 021 in the instruction register and the 
process repeats. The difference is that device addresses, trap locations, and interrupt 
masks are input only once, unless SS3 is hit or the test restarted at 0500. 

2.3.3.2 

If the user specified that he wishes to perform the BIC test, the test halts with 030 
in the instruction register. The user must place the provided test tape (92V0107-023) 
in the reader positioned anywhere on the Initial blank leader. The user then sets 
the A-register to the BIC device address, and the B-register to '1' for PIM used or 
for no PIM used. The user then hits 'RUN.' If no PIM is specified, the PIM 
parameters are skipped. 

If PIM is specified, the test halts with 031 in the instruction register. The user 
then sets the PIM device address in the A-register, the trap location in the B-reg- 
ister, and the interrupt mask in the X-register (see 2.3.4). The user then hits 
'RUN'. 

The test next halts with 032 in the instruction register. The user then sets the A- 
reg.ster to the number of cycles that the test is to be performed (a means contin- 
uous). The user then hits 'RUN'. 

The test is now performed according to the given parameters. An error condition 
produces a halt according to 2.6. 

When the test is done, a halt occurs with 021 in the instruction register and the pro- 
cess repeats. The difference is that device addresses, trap locations, and Interrupt 
masks are input only once, unless SS3 is hit or the test restarted at 0500 



2.3.4 Interrupt Table 

Interrupt 
Line 


1 
2 
3 
4 
5 
6 
7 



Most Common 
Trap Location 

0100 
0)02 
0104 
0106 
0110 
0112 
0114 
0116 



Interrupt 
Mask 

0376 
0375 
0373 
0367 
0357 
0337 
0277 
0177 
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2.4 OUTPUT STATEMENTS 

620 PAPER TAPE AND BIC TEST 

PT PUNCH DA = 

PT READER DA = 

BIC USED? 

PIM USED? 

PIM DA = 

TRAP LOCATION = 

BIC DA = 

INPUT TEST TYPE 

BUFFER READY TIME-OUT 

BIC BUSY TIME-OUT 

BIC ABNORMAL STOP 

ERROR(s) 

INPUT LOWER DATA LIMIT, UPPER DATA LIMIT, AND DATA BLOCK SIZE 

CYCLES - 

INTERRUPT MASK = 

BIC TEST REQUESTED? 

SECTION ACTUAL 

X YYYYYY) error data 

CHIP EXPECTED ACTUAL 

XXXXXX YYYYYY ZZZZZZ) error data 

BIC-THROUGH INTERRUPT WHEN BIC BUSY 

NO BIC-THROUGH INTERRUPT 
TIME DELAY = 




varjan data machines 

a varian subsidiary 



CODE 
IDENT NO. 

21101 



89A01 89 



SH /2-^ OF TiTlREV 



96A0039-000B 



i 



2.5 INPUT STATEMENTS 

The following statements require the subsequent input of an octal value, followed 
by a period or comma. 

PT PUNCH DA = 

PT READER DA = 

PIM DA = 

TRAP LOCATION = 

BIC DA = 

CYCLES = 

INTERRUPT MASK = 

TIME DELAY = 

The following statement requires the subsequent input of a sequence of 3 octal 
values separated and terminated by periods Or commas or a mixture of both. 

INPUT LOWER DATA LIMIT, UPPER DATA LIMIT, AND DATA BLOCK SIZE 

The following statements require the input of 'Y' or 'N'. 

BIC USED? 

PIM USED? 

BIC TEST REQUESTED? 

The following statement requires the input of 'P', 'R', or 'H' followed by a comma 
or period. 

INPUT TEST TYPE 



2.6 HALT TABLE 
Instruction Registe r 
020 



Significance 

Set: A=HSPT punch device address, B=HSPT reader 
device address. 
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Instruction Register Significance 



021 
022 

023 

024 

025 
026 

027 
030 

031 

032 

01 

02 

03 

04 

05 

06 

07 

010 
Oil 
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Set: A = •!' for BIC test, '0' for no BIC test. 

Set: A = '-r for BIC used, '1' for PIM used, 'O'for sense 
mode, B = BIC device address(if appropriate)L 

Set: A = PIM device address, B = trap location, X = interrupt 
mask, (buffer-ready interrupts) 

Set: A = '0' for punch test, '1' for step-read test, '2' 
for continuous- read test. 

Set: A = time delay for step-read test. 

Set: A = lower data limit, B = upper dc;:: limit, X = data 
block size. 

Set: A = cycle count, '0' for continuous. 

Set: A = BIC device address, B = 'T for PIM used, 
'0' for no PIM used. 

Set: A = PIM devjce address, B = trap location, X = interrupt 
mask. (BIC-through interrupts-BIC test) 

Set: A = cycle count, '0' for continuous. 

Buffer ready time-out. 

BIC-busy time-out. 

BIC abnormal stop. 

Data error(s) read, number of errors in A-register. 

(Halt on error mode) A = error data, B = expected data. 

Data error(s) read (BIC test), number of errors in A-register. 

Halt on error mode (BIC test), A contains error data, B 
contains expected data, and X contains the chip number . 

BIC -through interrupt when BIC busy. 
No BIC-through interrupt. 



CODE 
IDENT NO. 

21101 



89A0189 



ISH /^ OF f^ 



96A0039-000B 



REV 




MEMORY MAP 



0-0200 
0200-0212 
0220-0377 
0400-0477 



0502-01101 

01102-01133 

01134-01644 

02000-02010 
02011-02274 
02275-02400 

02401-02555 
02556-03110 
03111-03137 
03140-03307 

03310-03543 
03544-03602 

03603-03707 

04000-04010 

04011-05203 

05204-05230 

05231-05617 

05620-07777 

0220-0377 '^ 

0502-0512 

01000-01010 

02000-0 JD10 

04(X)0-04010 

010220-010377 

020220-020377 
040220-040377J 
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Contenfs 

Test Executive Area 

Indirect Pointers 

BIC Test Buffer 

Test Executive Area 

Jump to AAoinline 

Uier Interface Routine 

l/t) Buffer 

P<aita and Flag Area 

Mainline User 

Interface Routine 

arc Test Buffer 

Punch Test Routine 

PIM Enable, Sense 

Buffer Ready Routine 

Punch (or Read) BIC Mode) 

Step Reader Test Routine 

Error Save Area 

High Speed Reader 

Test Routine 

Read (Sense or PIM Mode) 

Pseudo-Random 

Number Generator 

Parameter Setting Subroutine 

BIC Test Buffer 

BIC Test Routine 

Device Address Setter 

Message Buffers 

Test Executive 

BIC Test Buffers 

(If Memory Equipped with such addresses) 
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UNDERSTANDING THE BIC TEST PRINTOUT 



Section 


Memory Address To 
Be Trapped Into 


Data To Be input 


Address Logic 
On BIC Activated 


1 


220 - 377 


220 - 377 




7-0 


2 


502 - 512 


102- 112 


8 Plus 


7-0 


3 


1000- 1010 


0-10 


9 Plus 


7-0 


4 


2000 - 2010 


0-10 


10 Plus 


7-0 


5 


4000-4010 


0-10 


11 Plus 


7-0 


6 


10220 - 10377* 


220 - 377 


12 Plus 


7-0 


7 


20220 - 20377* 


220 - 377 


13 Plus 


7-0 


8 


40220 - 40377* 


220 - 377 


14 Plus 


7-0 



*lf these memory locations do not exist, no error printout will occur. 
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SECTION 3 

INTERNAL SPECIFICATIONS 



3.1 



GENERAL DESCRIPTION 



The 620 Paper Tape Sysfem and BIC test consists of 5 major subsections each consisting 
of a set of routines. Some of the subroutines used in the major sections are common 
to more than one section o 

The major sections are 1) AAainline User Interface Routine, 2) Punch Test Routine, 

3) Step Speed Reader Test Routine, 4) High Speed Reader Test Routine, 5) BIC Test Routine. 



3„2 
Title: 

Symbolic Name: 
Purpose: 

Description: 



Entry Points; 



COMPONENT SPECIFICATIONS 

Mainline User Interface Routine 
EPOl 

To allow the user to communicate the test specifications to the 
program and to comply with those directives by setting various 
values and by branching to the appropriate test routine. 

HSPT ready and punch device address, l/O mode, and the test 
to be perfohmed are communicated to the program via a teletype 
(Teletype Mode), or via the 620 console (Console Mode). The 
appropriate test is then invoked. 

Location 0500, EPOl, EPIO, EPlO+5. The first two entry points 
cause test to type test I .D. The third entry pomt causes the 
parameters like device addresses and trap locations to be input 
the fourth entry point ships these inputs. 



Calling Sequence: 

Entrance Parameters: 
Exit Pomt; 
f:;dt Parameters: 



EPOl is not a closed routine and is entered either by a JMP 
insruction, or by setting the entry address in the P-reglster, clearing 
the Instruction-register, and hitting run. 

None 
None 
Not applicable 
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Table or Files 
Modified or Read 

Tables or Files 
Created: 

Called By: 

Called From: 

Exception 
Conditions: 

Timing: 

Size: 
Comments; 



Special Notation: 
hardware Details: 



Fi owe harts: 



T-rle: 



mbollc Name: 



piji-pose: 



Dascription: 



$KH, $RRD, $PIM, $BIC, MODE, MASK PMLO, PRFL, 
PMFL, and BCFL are alHired. 

Not applicable 



Not applicable 

OUTD, OUTC, INPG, INPD, OUTG. 

In teletype mode, when an overtly invalid parameter is input 

by the user, 'INVALID' is typed and the parameter must be ce-input. 

Not applicable 

(Test is HSPT - bound^, timewise) 

See Memory Map 

Start test at 0500 and a jump to EPOl is automatically executed. 
Always run the test only when the Maintain II Test Executive also 
resides in memory and make sure the Teletyp^Console Mode Fhog 
in the Test Executive is lirst set. 

Not applicable 

620 computer 

See 3.3. 



Punch Test Routine 

PTST 

To te%t the high speed paper tape punch according to user given 
paramters* 

Data parametess are bbtoined from the user through subroutine PARS, 
unless the user wishes to use the default parameters (i.e. - the last 
data parameters input; or on the first time, the assembled parameters) 
Subroutines are then invoked to punch the specified data. Errors 
are reported to the user. 
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Entry PofnJ's: 
Calling Sequence: 

Entrance Paramefers: 



Exit" Poini": 

Exit Parameters: 

Table or Fllew 
Modified or Read: 

Tables or Files 
Created: 

Calted By: 

Called From: 

Exception 
Conditions: 



Timing: 



$ ; ze ; 

Comments: 
Special Notation; 
Hardware Details: 

F!owcharts: 



PTST 

The Punch Test Routine is not a closed subroutine and is entered 
by a jump to PTST, or a console start from PTST. 

HSPT device addresses and l/O mode infomiation must be set 

at entry time. The Teletype/Console Mode Flag must also be set. 

PTST normally returnes to EPOl at either EPIO or EPlO+5. 

Not applicable 

$PCH, $PIM, $BIC, MODE, TSTF, TOFL, LOLM, UPLM, BLSZ, 
CYCL, CRCY, CRCD, CRCT, MASK, PMLO 

Not applicable 

Entered from EPOl 

INPG, OUTC, PARS, DVAD, PPUN, PPNB 

Errors are reported to the user. In general, hit 'SYSTEM RESET' 
Qod 'RUN' to continue. 

HSPT - bound 

See Memory Map 

None 

None 

620 computer, HSPT controller with HSPT punch. 
PIM, BIC optional 

See 3.3 
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TiMe: 

Symbolic Name 
Purpose: 

Description: 



Entry Points: 
Calling Sequence: 

Entrance Parameters; 

Exit Point: 

Exit Parameters : 

Table or Files 
Modified or Read: 

Tables or Files 
Created: 

Called By: 

C -illed From: 

Exception 
Conditions: 

Timing: 

SJze: 



Step Speed Reader Test Routine 
RTST 

To test the high speed paper tope reader in step speed according 
to user given parameters . 

Data parameters are obtained from the user through subroutine PARS, 
unless the user wishes to use the default parameters (i.e. - the last 
data parameters input or on the first time the assembled parameters) . 
A delay parameter is also obtained from the user. Subroutines are then 
invoked to read the t<]pe in step, speed and compare with the 
specified data. Errors are reported to the user. 

RTST and special HTST entry points RT05 and RTOl+2. 

The Step Speed Test Routine is not a closed subroutine and is entered 
by a jump to RTST, or a console start from RTST. 

HSPT device addresses and l/O mode information must be set at entry 
time. The Teletype/Console Mode Flag must also be set. 

RTST nomially returns to EPOl at either EPIO or EPlO+5. 
Not applicable 

$RRD, $PIM, $BIC, MODE, TSTF, lOFL, LOLM, UPLM, BLSZ, 
CYCL, CRCY, CRCD, CRCT, MASK, PMLO, DELY 

Input Buffer - BUFF is used. 

Entered from EPOl and HTST, 

INPG, PARS, OUTC, OUTD, DVAD, CLER, PRDR, QUTE, 

Errors are reported to the user. In general (except for data terrors) 
hlit 'SYSTEM RESET' and 'RUN' to continue. 

HSPT - bound 

See Memory Map 
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Comments; 
Special Notation: 
Hardware Details: 
Flowcharts: 

Title; 

Symbolic Name: 
Purpose: 

Description: 



Entry Points; 
Calling Sequence: 

Erstrance Parameter: 

Exit Point; 

Exit Parameters: 

Tables or Files 
Modified or Read; 

Tables or Files 
C . eoted : 

Called By: 

Called From: 




None 
None 

620 computer, HSPT controller with HSPT reader, PIM optional. 
See 3.3 

High Speed Reader Test Routine 
HTST 

To test the high speed paper tape reader In continuous mode 
according to user given parameters. 

Data parameters are obtained from the user through subroutine PARS, 
unless the user wishes to use the default parameters (i.e. - the last ' 
data parameters Input, or, on the first time, the asembled parameters) 
Subroutines are then invoked to read the tape In continuous mode and 
compare with the specified data. Errors are reported to the user. 

HTST 

The High Speed Test Routine isn©t a closed subroutine and is entered 
by a jump to HTST, or a console start from HTST. 

HSPT device addresses and l/O mode information must be set at entry 
time. The Teletype/Console Mode Flag must also be set. 

HTST normally returns to EPOl at either EPIO or EP10+5. 
Not applicable 

$RRD $PIM, $BIC, MODE, TSTF, lOFL, LOLM, UPLM, BLSZ, 
CYCL, CRCY, CRCD, CRCT, MASK, PMLO 

Input Buffer - BUFF Is used. 

Entered from EPOl 

Enters RTST, calls INPG, OUTC, PARS, DVAD, CLER, PPNB. 
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Exception 
Conditions: 

Timing; 

Size: 

Comments: 

Special Notation: 

Hardware Details: 

Flowcharts: 

Title: 

Symbolic Name: 

Purpose: 

Description: 



Entry Points: 
Calling Sequence: 

Entrance Parameters; 

Exit Point: 

Exit parameters: 

Table or Files 
Modified or Read: 

Tables or Files 
C reated : 



Errors ore reported to the user. In general (except for data errors) , 
hit 'SYSTEM RESET' and 'RUN" to continue. 

HSPT -bound 

See Memory Mop 

None 

None 

620 computer, HSPT controller with HSPT reader. PIM and BIC 
optional . 

See 3.3 



BIC Test Routine 

BTST 

To throughly test the BIC using the high speed paper tape reader. 

Data parameters are obtained from the user to give the program 
I/O Mode information and cycle count. Subroutine are then invoke to BIC 
in from the given BIC Test Tape. The results are compared with the 
specified data. Mechanical or data errors are reproted to the user. 

BTST 

The BIC Test Routine is not a closed subroutine and is entered by a 
jump to BTST, or a console start from BTST. 

HSPT device addressees must be set at entry time. The Teletype/ 
Console Mode Flag must also be set. 

BTST normally returns to EPOl at EPIO or EPlO+5. 
Not applicable 

$RRD, $PIM, $PM2, $BIC, MODE, TSTF, BTMD, lOFL, CRCY, CYCIL, 
MSK2, PML2, PMF2, BCFL 

A set of input areas are used. 
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Called By: 
Called From: 

ExcepMon 
Condi Mons: 

Timing: 

Size: 

Comments: 

Special Notation; 

Hardware Details: 

Flowcharts: 




Entered from EPOl 

DVAD, OUTD, INPG, OUTC, INPD, OUTG, CLER, PRDR, 
BCIN, CMPR, QUTE 

Errors are. reported to the user. In general (except for data errors) 
hit 'SYSTEM RESET' and 'RUN' to continue. 

HSPT - found 
See Memory Map 
None 
None 

620 computer, HSPT controller with HSPT reader, BIC. PIM options 
See 3.3 
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SECTION 4 

TEST SPECIFICATIONS 



4.1 



OBJECTIVES 



The purpose of this section is to describe to what extent the program has been validated 
in termsof variations in applicable hardware, configurations and other external input 
parameters. Using the teletype mode of operation, actual hardcopy of each test 
variance is presented. This will provide an aid in evaluating future claimed discrepancies 
observed in the program. 



4.2 



CONFIGURATIONS 



This program has been exercised on the following hardware configurations: 

1) 622/i - 16K memory 

2) 620/f - 32K memory 



4.3 



DETAILED DESCRIPTIONS 



4,3.1 The following hard copy printout is provided to validate the responses received 

for each respective inputo 
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SECTION 1 

GENERAL DESCRIPTION 



1.1 



INTRODUCTION 



The Varian Data Machines model 620-28 Card Reader Confrolier is a special peripheral 
compufer option that interfaces the 620or:7X computer to the card reader specified 
by Procurement Specification 3SA0166. 

The controller is packaged on a wire wrapped plug in module which can be installed 
in a 620 peripheral controller chassis. The controller is compatible with the 620 
Buffer Interlace Controller (BIC) and the Priority Interrupt Module (PIM). 



1.2 



FUNCTIONAL DESCRIPTION 



References: 



Logic Diagram 91C0455 
VDMComputer Manual 620 or V7X Series 
Documation Instruction Manual 



The controller performs the timing and logical functions required to transfer 80 
twelve bit columns of data from the card reader to the GPU at a speed of 300 cards 
per minute (CPM) + 10%. 



M 



1.2.1 



Device Address 



The assigned device address is 30. The address is decoded from E BOO thru EB05 and 
signal lUAX (Computer Interrupt Acknowledge). Signals EBOO thru EB02 are made 
available on the wire wrap connectors at the backplane. This allows the desired 
device address to be hand wired on the backplane connector and provides the 
capability of easily changing the device address to any address between 30 and 
37, if needed. 



1.2.2 External Control Commands (EXC) 

There are three external control (EXC) commands: Initialize Controller, Read 
One Card, and Continuous Feed. These commands are mechanized as follows: 

The device address and EBll allows the Computer Function Ready (FRYX) pulse 
to be applied to the function decode gates. Lines EB06 thru EB08, which contain 
the function code, are also applied to these gates. The decoded function lines 
enable the appli coble function control circuits. 
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1.2.3 Data Transfer In (CIA, CIB, INA, INB, IME) 

A 12 bit data word U clocked into the input register (DIXX) by 1NDEX+ pulse from 
the reader. Data is then transferred to the CPU as follows: 

The control logic may be activated from the SIC signal BCIE or from the computer 
signal DTIE. Either of these temris arms the data transfer in flip-flop DTIX. This 
flip-flop is then set by the trailing edge of FRYX+ and reset by the trailing edge 
of DRYX+. DTIX then strobes in the 12 bit data DIXX onto the E-Bus. 

'•^•^ BIC Control Logic ^ 

Once the BIC is connected to the computer, it sends out signal DCEX+, which enables 
the set gate of flip flop CDCX. EXC read one card will then set flip flop CDCX. 
Term CDCX is then returned to BIC, indicating that data transfer is under control of 
the BIC. 

When a data word is ready (BRDY) to be transferred to the computer, term TRQX^B 
is forced to a logic 0. The BIC responds by forcing the transfer acknowledge term 
TAKX-B to a logic 0. The BIC acknowledge term BICE- then goes to o logic 0. 
This signal is then used to enabled data transfer in flip flop DTIX. 

1.2.5 Sense Response Logic (SEN) 

There ore fivesens» responses to the computer: Character Ready, Read Error, Hopper 
Empty, Reader Ready, and Card Image. 

The sense response that the computer is looking for is enabled by decoding E-Bus 
lines EB06 thru EB08, the device address, and EB12+. SERX-I will go true (logic 
zero) if the indicated response is true. 

1.2.6 Interrupts 

There are three interrupts made available at the backplane, pin Pl-75, 77 , and 79. 
These interrupts are the integrotsd leading edge dfi^Choriicter Ready (CRDYI-), Card 
Reader Error (ERRORI-), and Card Reader Ready (READYI-), respectively. Card 
Reader Ready Interrupt also designates end of card image, (ready for EXC2 command). 

1.3 LOGICAL DESCRIPTION 

The listed program will generate the timing sequences shown in Figure 1.3. 
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Location Descrig»Hon 


Code 


EXC IniHalize 


100030 * 


1 Sense Reader Ready 


101630 


2 5 


000005 


3 Jump 


001000 


4 1 


000001 


5 EXC Feed One Card 


100230 


6 Sense Character Ready 


101130 


7 14 


000014 


10 , Sense Reader Error 


101230 


1 1 Exit 


- 


12 JMP 


001000 


13 6 


000006 


14 Data Transfer In 


102130 


15 Sense Character Ready 


101130 


16 14 


000014 


17 Sense Card Image 


101030 


20 15 


000015 


21 JMP 


001000 





000000 


* Assumes device address 030. 




1.3.1 Initialize and Feed One Card 





The initialize command (IN]T+) resets the controller logic and the reader (CLEARA-). 
It will also turn on the reader motor if the motor is not already on. If the reader is 
in a Ready State, the program will feed one card as follows: An EXC 2 is program 
generated. The logic develops and presents the feed pulse PICK-A to the reader 
connector. EXC 2 also disables the sense logic during the time the card is being fed 
into the read station. The first character ready strobe (INDEX +) then sets the character 
ready flip flop (BRDY) which, in turn, re«3ts the read a card flip flop, PICK+. 



1.3.2 



Read the Data in Sense Mode: 



As the card passes into the read station, the leading edge detector is covered which 
causes the card image (CI) line to go to a logic zero. As the first column of data 
appears over the read station, a data strobs (INBsEX-,) isaant by; the readefr, .cofncident v\/ith 
the data, which sets the character ready flip flop (BRDY) 

The data strobe also strobes data (ROWXX) into the data register (DIXX). 
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Thfi program senses the choracter ready condition and performs a "Data Transfer In" 
Flip flop DTIX is set by the FRYX pulse* DTIX is then used to strolse data onto the 
-E^^us arKJ reset BRDY. All 80 columns are sequentially read in this woy: 

As the card completes its pass over the read station, the trailing edge of the card 
uncovers the trailing edge detector and returns CI- to a logic high. The program 
senses this condition and branches out of the data transfer loop. A ready interrupt 
is also generated at this time . 



I a l3 • O 



Read The Data in BIC Mode 



Once the BIC has been initialized, EXC2(read one card) sets the controller 
connected for BIC flip flopCDCX. When data is ready (BRDY) TRQX-B goes to 
a logic zero which initiates a transfer request. TAKX-B transfer acknowledge is 
returned to the controller. This term arms flip flop DTIX which is then set by the 
function ready pulse FRYX. Data is then strobed onto the E-Bus and another BIC 
transfer is initiated by the next strobe froin the reader which sets BRDY. BIC 
operation may be terminoted by counting the 80 columns of data and ending the 
transfer at the end of the 80th column. 



1.4 



1.4.1 



SYSTEM GENERAL SPECIFICATIONS 



® 



Controller 

Characteristic 

Organization 

Control Capability 



Output Capability 



Logic Levels 



DC Power 



Specification 

Consists of timing and control select and 
de-select logic, driver, and receivers. 

Reads 80 column punched card with no 
information content restrictions at up to 
300 cards per minute. The controller 
reads 12 bits at a time and transfers the 
word to the CPU. 

Three external control commands, five 
input commands, five sense conditions, 
three interrupts, BIC capobility. 
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CODE 
DENT NO. 



Negative Logic: 
Positive Logic: 
•i-SVDC® .5 amps 



0.(N to +0.5V =tru<5 
+2.5Vto+5V =fal!ie 
+2.5Vto5V =true 
O.O/to+O.SV =fal!« 




A 






CharacterisHc 
I/O and B Cobles 
Internal 
Reader Cable 



Specification 
Negative Logic 
Positive Logic 
Negative Logic 



1.4.2 



Reoder General Sped fi cations ^ Model M200> 



Machine Characteristics 

Media Processed 

Standard 80- Column Cards as 
defined by ANSI X3. 11 - 1%9 



Operating Rates; 

300 cards per minute +10% 

Card Capacity 

Input Hopper 550 Cards 

Output Stacker 550 Cards 

Feeding 



Asynchronous, via a vacuum picker 
in conjunction with "riffled" air 



Readings Infrared light emitting diodes 
Card Read Time: 
80-Column 2D0msec 
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General Specifications 

Dimensions 

Overall Dimensions 
Height - 11 in. 
Depth - 14 in. 
Width - lS^l/4in. 

Weight 

Complete Unit 
Less than 60 lbs. 

Temperature 

Operating 40° to 110°F 

Non-Operating 25° to IS^F 



Input Power 

Voltage 

Frequency 

Current 

Power 



115V-60HZ, 115V- 50HZ 
220V - 50HZ 
Single Phase 
Less than 5 AMPS 
Less than 300 WATTS 
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MNEMONIC 

BCDX-B 

BRDY+ 

CDCX+ 

CI- 

CLEARA- 

COD(X)+ 

CRDYi- 

DA3X+ 

DCEX-B 

DESX-B 

DI(XX)+ 

DRYX-I 

DTiX+ 

EB(XX)-I 

ERRORt- 

EXC2- 

EXC3- 

FRYX-I 

INDEX+ 

IHE- 



TABLE 1.1 - CONTROLLER MNEMONICS 



DESCRIPTION 



Z Disconnect 

Character Ready Flip Flop 

Controller connected for BIC flip flop 

Card image level from reader reset 

Reset line to reader. Also turns on reader motor 

E-Elus decodes 

Character Ready Interrupt 

Device Address Decode 

BIC Device Connect 

BIC Device Stop 

Dala Register Outputs 

CPU Data Ready Pulse 

Daia Transfer In Flip Flop 

CPU E-Bus Bits thru 15 

Card Reader Error interrupt 

External Control Decode to "Feed a Card" 
and Clock "On" CDCX (ilC) f3ip flop 

External control decode to set continuous 
feed flip flop 

CPU function ready flip flop 

Data strobe from reader 

Hopper empty level firom reader 
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MNEMONIC 

INIT+ 

IPF- 

ITR- 

PICK- 
PICK-A 
READYI- 
READY- 

SERX-I 
SYRT-I 
TAKX- X 
TROB+ 
TRQX-B 



TABLE 1.1 (con't) 

DESCRIPTION 



Initialize Pulse 

Machine alert from reader (i.e. , power off) 

Reader Error Alfert from reader (i.e. , photocell 
failure) 

Feed a card flip flop output 

Feed a card pulse or level in continuous mode 

Card reader ready or end of card image interrupt 

Level from redder indicating reader conditioned 
to accept card feed pulse 

Sense line to CPU 

CPU Console System Reset 

BIC Transfer Acknowledge 

OR'D Reader Alerts 

BIC Transfer Request 



ISH /J OF3Z. REV 
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SECTION 2 
PROGRAMMING 



2.1 



GENERAL 



The card reader may be programmed in a mulH- peripheral invironment by the ext-ernol 
inl-errupt structure or by programmed resiponse loops. EXC instructions control the 
operations i^ond'iiahs^trantlBr; are performed by meons of the BIC option, or by 
pro-am "ddtoiNifAfBf irr'* sequences. 



2.2 



DESCRIPTION OF COMMANDS 



There are a total of 13 instructions reserved for use by the card reader controller. 
These include three external control functions, five sense, five data transfer in 
commands. These reserved instructions are listed and described in the paragraphs 
that follow. It is assumed here that the cord reader controller has been assigned 
device address 0^. 



2.3 



INSTRUCTION SET SUMMARY (DA=30) 



2.3.1 External Control 



EXC 030 Initialize controller and reader and turn on reader motor 

EXC Qt30 Read one card (also connects BIC in BIC mode) 

EXC 0330 Feed cards continuously (reset by initialize command or 
system reset) 



2.3.2 Data Transfer 



I ME 030 Transfer 12 bit wore! to memory 

INA 030 Transfer 12 bit word to A register 

INB 10^0 Transfer 12 bit word to B register 

CIA Op30 Transfer 12 bit word to A register, cleared 

CIB < 030 Transfer 12 bit word to B register, cleared 
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2.3.3 Sense 



SEN 030 Sense Card in reader station (card image) 

SEN 0130 Sense character ready 

SEn 0230 Sense reader error 

SEN 0330 Sense hopper empty 

SEN 0630 Sense reader ready 



2.3.4 Interrupts 

Three interrupts are available: Character Ready, Error, and Reader Ready (End of Card). 

2.3.4. 1 Character Ready Interrupt 

Character ready generates an interrupt when a character is in the input buffer and 
ready to be inputted to the CPU. This character must be taken within a maximum 
of 2.014 milliseconds after the interrupt is generated. 

2.3.4.2 Error Interrupt 

Error interrupt is generated for the following conditions: 

1. Failure of the light or dark check (read error). Requires operator intervention. 

2. Motion check (pick or stack check) requires operator intervention. This error 
signal will occur within 300 milliseconds of the initiation of an unsuccessful 
pick attempt or in time to inhibit the picking of the second card after the 
stacker sensor detects that a card is not completely clear of the card track. 

Both error conditions are displayed on the front panel indicator and may be reset by 
the reset button on the reader, by CPU system reset, or the initialize command. 

2.3.4.3 Ready Interrupt 

A ready interrupt is generated under the following conditions: 

1. Power is applied and the 6 second run up is completed (motor up to speed). 

2. Input hopper has been loaded. and run up completed. 
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3. Card reader cleared of error condiirions and is ready to accept a pick 
command from the external program . 

4. The card has completed its pass through the read station (End of Card Image) 

2.4 INSTRUCTION SET OESOIIfTiON 



2.4.1 EXC Commands 

2.4.1.1 EXC Initialize (EXC 0) 
Clears the controller and reader as follows: 

1. N on- continuous mode 

2. Chcffacter not ready 

3. BIC disconnected 

4. Reader logic reset to "RESET" condition 

5. Reader motor "ON". 

2 . 4. 1 . 2 EXC Read One Card (EXC 2) 

This command causes the controller to initiate a card read cycle and, if data transfer 
is under control of BIC, sets the BIC connect flip flop. 

A single card is picked and transported fro the read station. As each column passes 
through the read station, the strobe signal received from the reader sets the character 
ready sense, generates a chdracter recDiy interrupt, and strobes a 12 bit data 
character into the input register. For purtiinent timing infonDotion, refer to Section 
2.3.2, 'Data Transfer ln"Comm«nds . 



2 . .4. 1 . 3 EXC Continuous Feed (EXC 3) 

This command holds the card feed line to the reader at a continuous feed level. 
Cards will be fed at a maximum rate of 3(X3 CPM + 10% until the EXC initialize 
command is generated or the CPU system reset is activated. 

When continuous feed is to be stopped, an initialize command must be sent within 
8 milliseconds after the receipt of the eightieth column of data of the previous 
card to prevent an extra cord from being fed through the reader. 
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2.4.2 



Input Transfer Commands (CIA, CIB, INA, INB, INM) 

7 4 S 4 3 2 1 



}y] 4 13 12 n 10 9 . S 



12 



Not Used 



11 



1 



8 



E-Bus 



One Column 



Card column VS E-Bus bit are as shown: 



Pertinent timing relationships from initiation of card feed to end of card are categorized 
below: (300 CPM card reader only) 



Card feed initiation to first character ready 
Character ready to next character ready 
1st column to 80th column 
Total card feed cycle (card image) 



30.3 milliseconds minimum 
2.014 milliseconds minimum 
161 . 12 milliseconds minimiwn 
200 milliseconds minimum 



Once a card feed cycle has been initiated, the CPU must perform a "data transfer 
in" operation within 32.2 milliseconds maximum for the first column and within 
2.014 milliseconds maximum between columns or data will be lost. See Figure 1.2 
for 600 CPM and 1000 CPM timing relationships). 



2.4.3 



Sense Commands 



2.4.3. 1 Sense End of Card (Card Image) 

This sense answers in the affirmative when no card feed operation is in progress. As 
the card enters the read station, the leading edge detector is covered. . This causes 
the card image line to go low. As the card leaves the read station , the trailing edge 
detector is uncovered. This causes the card image line to go high. The program 
may sense this condition after the reading of data has been started to sense the end 
of card as an option to counting 80 columns of data to determine end of card. 

2.4.3.2 Sense Character Ready 

This sense answers in the affirmative when a column of data is present at the output 
of the buffer register and is ready for transfer to the computer. An input transfer 
should follow the leading edge of "Character Ready" within 2.014 milliseconds. 



2.4.3.3 Sense Reader Ready 

This sense answers in the affirmative when the previous card read cycle has been 
completed satisfactorily and the controller is ready to receive the next EXC "Read 
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One Card" command. 



2.4.3.4 Sense Reader Error 



This sense answers in the affirmative when an error condition has occurred during a 
previous or the present card read cycle. The "Reader Error" sense remains true until 
the error condition is corrected. The erroi' conditions are: Light/Dark Check Error, 
Card Motion Error, Pick Failure, and Hopjjer Empty. When the controller is being 
operated in conjunction with a BIC, the error conditions are used to cause an 
"Abnormal Device Stop" thus, possibly resulting in the incomplete reading of a 
card. Pressing the RESET button on the reader, pressing CPU SYSTEM RESET, or 
doing an EXC initialize will reset the error line, if the error condition has been 
corrected. 

2.4,3.5 Sense Hopper Empty 

This sense answers in the affirmative when the reader input hopper contair» no cards. 
This sense is provided to allow the distinction between a "normal" reader error and 
an "abnormal" reader error. 



2.5 



COMMAND SEQUENCES 



The flow chart shown in Figure 2. 1 is meant to aid programmers in determining 
the proper sequence of commands required to input a card of data in sense mode. 
Figure 2.2 is a typical BIC flow diagram. 

The end of data is shown as being determined by counting columns. It is also 
possible to determine end of data by sensing the card image line (SEN 0). in the 
latter case, the column count blocks in the flow chart may be replaced by a SEN 0. 



2.6 



MOTOR CONTROL 



Normally, the card reader motor is externally turned on by the "RESET" button 
on the card reader console, assuming the card reader power switch is in the "ON" 
position; . The motor may, however, be turned on by issuing an initialize command 
(EXC 0). A minimum of 4 seconds start up time is required, after the initialize 
command, before the reader READY line bsecomes true and card feeding may be 
initialized. 



mimmsii 
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Initialize 
tontr. & Rdr 




No 





Chr.^^ Yes 
Rdy? />-^^ 

No 



Rdr. " ^ Yes 
Error? 



No 



i 



Input 
Char, 



Error 
Exit 



i 



Increment j 
Column I 

jCount J 




No.^-^Char^. 
Rdy.> 

Yes 



FIGURE 2. 1 - COAAMAND SEQUENCE FLOW CHART 
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Initialize BIC& 
Cont. & Rdr. 




Yes 



Reader Not 
Ready Exit 



LoodBiC Initial 
qnc;! Final Reg. 




Yes 



Yes 



Jo ^ 


Normal 
Exit 






13.^ 


Reader Error 
Exit 






E4 _^ 

5 


B IC Abn . Stop 
Exit 



FIGURE 2.2 - TYPICAL BIC FLOW DIAGRAM 
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SECTION 3 
INSTALLATION 



3.1 GENERAL 



Installation of the card reader system In the field is normally accomplished by Varian 
Data Machines Customer Service Engineers. Logic diagrams, assembly layout, and 
wiring information are provided at the time of purchase. The following installation 
data is provided for planning purposes. 



3.2 PRE-INSTALLATION REQUIREMENTS 

Prior to the installation of the system, proper operation of the computer should be 
assured through use of the diagnostic test routines described in the 620 Maintenance 
Manual. An Expansion/Peripheral Controller Chassis must be installed in close 
proximity to the computer. The chassis is connected to the I/O bus by means of 
the I/O cable which is attached to the Expansion Chassis. The termination shoe 
provided must be connected on the end of the I/O bus. 



3.3 WIRING REQUIREMENTS 



3.3.1 Controller Backplane Wiring 

The controller card requires the space provided by three card slots. It uses the 
standard backplane I/O bus and power wiring used with the Expansion Chassis. 
(See Table 3.1). 



3.3.2 Cabling 

There is one cable connecting the controller card to the card reader. All lines 
are twisted pair lines. Pin assignments are shown in Table 3.2. A standard length 
20 foot cable is supplied with the card reader option. 



3.4 DEVICE ADDRESS SELECTION 

The device address is normally wired for address 30g. The available addresses are 
from 3O3 to 37g. Connector pins (64, 65) (67, 68) and (70, 71) provide the true 
and complement outputs of the l/O bus address bits respectively. Pins 66, 69 and 
72 are the input pins to the device address decoding gates. Table 3.3 lists wiring 
connections required for each of the available device addresses. 
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PIN 



1 
2 
4 
6 
8 
10 

n 

12 
13 
14 
15 
16 
17 
18 
19 
20 
27 
29 
31 
43 

48 
49 



TABLE 3. 1 - CONTROLLER CARD, PI PIN ASSIGNMENTS 



MNEMONIC 

GND 

EBDO-I 

EB01-I 

EBQ2hl 

EBO^I 

EB04hl 

EB05-I 

EB06-I 

EBOy*-l 

EB08-I 

EB09-I 

EB10-I 

EBll-l 

EB12-I 

EB13-I 

EB14-I 

FRYX-I 

DRYX-I 

SERX-I 

SYRT-I 

lUAX-I 

gn6 

TRQX-B 



PIN 

50 

52 

54 

56 

58 

.60 

64 

65 

66 

67 

68 

69 

70 

71 

72 

15 

77 

79 

100 

118 

121 

122 



MNEMONIC 

BCDX-B 

BCDX-B 

CDCX-B 

DCEX-B 

TAKX-B 

DESX-B 

EBOO+ 

EBOO- 

EBOH 

EBOH- 

EB01- 

EB1I+ 

EB02+ 

EB02- 

EB2I+ 

CRDYI- 

ERRORI- 

READYI- 

GND 

+5V 

+5V 

GND 




varian data machines 




-...««« — ^Aj 

SH JlUOf^?^ REV I 

mmmmmmmtlKmmmmmmmtwmmammmtim 



98A0945 



96A0039-000B 






TABLE 3.2 - J^ZPIN ASSIGNMENTS 



PIN 

1 
2 
3 

4 
5 

6 

7 
8 
9 

10 

11 

I-? 

13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 



30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 
43 
44 



MNEMONIC 

ROWO^ 

R 

Rowoa- 

R 

ROW07- 

R 

ROW06- 

R 

ROW05- 

R 

ROW04- 

R 

ROW03- 

R 

ROW02- 

R 

ROW01- 

R 

ROWOO- 

R 

ROW 11- 

R 

ROW 12- 

R 

CLEARA- 

R 

PICK-A 

R 

ITR- 

R 

IPF- 

R 

IHE- 

R 

READY- 

R 

Cl- 

R 

INDEX- 

R 

SPARE 

R 
SPARE 

R' • 



DESCRIPTION 



SOURCE 



Data 



Device 



Initialize 
(Motor Start) 
Feed 


User 
User 


Read Alert 


Device 


Machine Alert 


Device 


Input Hopper Empty 


Device 


Reader Ready 


Device 


Card Image 


Device 


Data Strobe 


Device 
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TABLE 3.3 - DEVICE ADDRESS WIRING LIST 
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Device Address 


Jumper Pins 


Device Address 


Jumper Pins 


30 


65 to 66 
68 to 69 
71 to 72 


#34 


65 to 66 1 
68 to 69 1 
70to72 1 


31 


64 to 66 
68 to 69 
71 to 72 


35 


64 to 66 
68 to 69 

70 to 72 1 

I 

65 to 66 i 
67 to 69 1 
70 to 72 


32 


65 to 66 
67 to 69 
71 to 72 


36 


33 


64 to 68 
67 to 69 
71 to 72 


37 


64 to 66 1 
67 to 69 
70 to 72 

1 
1 




3.5 



CARD READER INSTALLATION AND OPERATION 



3.5.1 



General 



A complete description and instructions in operation of the card reader will be found 
in the Card Reader Maintenance Manual that is delivered with the system. 
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mmmm 






4a GENBUkL 



Hm sccHoKtt dbUnes tfcft qpfvofvicite equiipRMint, diagnosMc routines , and required 
rests to rnsv9 f^ iJBnl fiidtor cionliiolfor*s proper performance . Mai ntenance 
requirements for fiie copdl reqdbr ore calM out in the card reader instruction manual , 
section 3. 



4.2 AMfNTENANCE OF THE CONTROLLER 

The following ore sloMlonl hardware and «>!Ptware devices used for checkout. 
Addition an£|/ar cbletion oT Hkmsm devioes niay be made in the future , if necessary. 



4.2.1 Test Eqyipiwent 

The Tektronix 545 Osdlkiscibpe or one of similar perfonmahce specifications is 
required. 



4.2.2 Took 



A standard extender boord aUam for easy ciccess to the card reader controller board 
during the test. 

4.2.3 Software 0[>Boginos»ic) 

The fblTowing tests on paper tapes are recoiTimended for diagnosis and troubleshooHng 
of the card reader cofitrollers: 

a. MoifAoin 11 92A0107-001 

b. Test Program 92A0107'-012 

c. Software Pierformance Specification 89A0180 

4.3 MAINTENANCE OF THE CARD READER 

Maintenance procedures ore simple, stra i gilt- forward , and easy to perform. They 
are conipleteiy deffned in the card reader instruction manual. 
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ADDENDUM #1 

E-2747, 600 Card Per Minute Card 
Reader 



General Specifications 



Card Rate 
Card Type 
Hopper/Stacker 
Light Source 

Read Station 

Electronics 
Internal Clock 
Power 

Hei^t 

Width 

Depth 

Weight 

Shipping 

For card feed and data timing relationships, see Figure 1-2. 



600 card per minute 

Standard 80-column card 

1000 card capacity 

M-infrared light emitting diodes 
OM-Fiber Optics, 13 channel 

M-photo transistor, 12 bits simultaneously 
OM-photo transistors, 12 data rows and 
one clock row. 

7400 series TTL integ-ated circuit logic 

M-Crystal Oscillator 



1600 VA Start! 
load 


ng 


load, 600 VA Running 


16-1/4 in. 




41.2 cm 


23-1/16 in. 




58.6 cm 


18 in. 




45.7 cm 


77 lbs. 






88 lbs. 
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Card Rate 
Cord Type 
H opper/Stacker 
Light Source 

Read Station 

E le ctroni cs 
Internal Clock 
Power 

Height 

Width 

Depth 

Weight 

Shipping 



ADDEtMDUM#2 
E2382, 1000 GPM Cord Reader 
General Specifications 



1000 cards per minute 

Standard 80- column card 

1000 card capacity 

M-infrared light emitting diodes 
OM-Fiber Optics, 13 channel 

M-photo transistor, 12 bits simultaneously 
OM-photo transistors, 12 data rows and 
one clock row 

7400 series TTL integrated circuit logic 

M-Crystal Oscillator 



1600 VA Start 
load 


"g 


load, 600 VA Running 


16-1/4 in. 




41.2 cm 


23-1/16 in. 




58.6 cm 


18 in. 




45.7 cm 


83 lbs. 






94 lbs. 







For card feed and data timing relationships, see Figure 1-2 
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ADDENDUM #3 
E2993, 300CPM Mark-Sense Card Reader 
General Spectficotions 

Please refer to paragraph 1.4.2 for the 300 CPM card reader general specifications 
and to Figure 1-2 for timing relationships. 

Card and data specifications are as follows: 



Mark Sense Data - A mark must be a vertical line using a ^2 pencil or equivalent 
marking material. 

The minimum dimensions are: width, .015", length, . 125" centered within data row 
area. 

The maximum dimensions are: width, from trailing edge of previous clock mark to 
leading edge of next clock mark; length, .240" centered within data row area. 

The mark must have an average reflectance that is less than or equal to 28% of the 
reflectance of that portion of the card immediately adjacent to the mark. Single 
stroke marks with a ^2 pencil will meet this specification. 

An erasure must have an average reflectance that is greater than or equal to 75% of 
the reflectance of the portion of the ca«'d immediately adjacent to the erasure. 

Card Design ~ Because the Mark Sense cards image field is determined and tailored 
by the customer to meet a particular application, the following is presented to aid 
in the design of a Mark Sense Data Card. 

The shaded portions of Figure A3- 1 show the areas in which data and clock marks 
can be placed. 

Data columns are constructed by a clock mark immediately preceding the data column, 
the data column area, and then another clock mark. Figure A3-2 shows a typical 
data column and the read area for each data row. 

Any pencil mark or punched hole meeting the data specification and lying in the 
shaded area between the clock marks maybe read as data. 

Any black column or rwo number which is commonly fourvd on standard 80 column punched 
cards may also be read as data. 
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A marking constraint with mark identifier is normally used to place and identify a 
data mark in the data field. Figure A3. 3 depicts a data mark in the data field. 
Figure A3. 3 depicts a typical marking constraint. To indicate a list, a vertical 
pencil mark would be placed within the constraint. 

An example of o general purpose, 40 column Mark Sense Card is shown in Figure 3-H. 



Punched Cards 



80 column punched cards may also be read with the E2993 Mark/Sense Reader. The 
cards must, however, be free of reflective marks in the data fields. Green or red 
markings on the card typically are not reflective. The punched cards must also have 
a clock row on the bottom as on the Mark/Sense Card (see Figure A3- 1). 

Mixing Cards 

Since both punched and Mark/Sense Cards must have a clock row, both can be used 
inter-changeably providing the two cord types are designed properly. 

Test Piroyam 

Only 80 column cards can be used with tho 620-28 (E2993 ) test program. 
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when the input hopper is empty. The motors will automatically restart when 

cards are placed in the hopper and the RESET switch Is depressed. Expect a 
delay of approximately 3 seconds for Che motors to run up. 

OPERATIONAL FLOW CHART 

Figure A shows a flow chart of the sequence of events which may be encountered 
in operating the reader. If trouble is experienced, refer to this check list 
before calling for maintenance. 
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Figure 3, M Series Card Reader Logic Block Diagram 
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Read Station Any Dark 


MB-6 


Control Card 
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Power On Reset 


MB- 11 
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Pick Control Reset 


MB-C 


Sync Card 


ZERO 


Preset Decode 


MB-N 


Sync Card 


RESET 


Gated Reset Switch 


MB-2 


Sync Card 


ST(^B 


Column Strobe Phase B 


MB-4 


Sync Card 
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Good Pick Reset 


MB-H 


Clock Card 
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MNEMONIC 


DCKS 


81CR 


84CR 


PICK COMMAND 


PICK COMMAND RTN 


STOP 


READY 


BUSY 


PCLK 


Vcc 


Row 12 


Row 11 


Row 


Row 1 


Row 2 


Row 3 


Row 4 


Row 5 


Row 6 


Row 7 


Row 8 


Row 9 


ONE LIGHT 


D12 


Dll 


DO 


Dl 


D2 


D3 


D4 


D5 


RTN 


D6 



DESCRIPTION 



LOCATION 


ORIGINATING 
SOURCE 


MB-8 


Clock Card 


MB- 13 


Clock Card 


MB-D 


Clock Card 


J8-2 


Control 


Card 


J8-3 


Control 


Card 


MB-E 


Error Card 


MB-16 


Error Card 


J8-1 


Control 


Card 


MB-L 


Control 


Card 


.18-12 


Control 


Card 


J8-13 


Control 


Card 


J8-14 


Control 


Card 


J8-15 


Control 


Card 
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J8-17 
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J8-18 
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Control 
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Control 
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Control 
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Control 
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J8-B 


Control 


Card 



Dark Check Strobes 

81st Column Reset 

84th Column Reset 

Pick Command Input 

Pick Command Input Return 

Stop 

Ready 

Busy Output 

Pick Clock 

+5V to Read Sensor Array 

Read Sensor Input Row 12 

Read Sensor Input Row 11 

Read Sensor Input Row 

Read Sensor Input Row 1 

Read Sensor Input Row 2 

Read Sensor Input Row 3 

Read Sensor Input Row 4 

Read Sensor Input Row 5 

Read Sensor Input Row 6 

Read Sensor Input Row 7 

Road Sensor Input Row 8 

Read Sensor Input Row 9 

Read Station Any Light 
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Data Row 11 Output 
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Data Row 1 CXitput 
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Error 
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Sync Card 


C2-9 


Error 


Card 


B2-9 


Error 


Card 


B4-8 


Error 


Card 


B2-5 


Error 


Card 


B5-8 


Error 


Card 


B2-2 


Error 


Card 


C4-9 


Error 


Card 


Sl-C 


Error 


Card 


A5-12 


Error 


Card 


J4-B 


Error 


Card 


J4-P 


Error 


Card 


J4-P 


Error 


Card 


J4-N 


Error 


Card 


J4-K 


Error 


Card 


J4-H 


Error 


Card 


J4-10 


Error 


Card 


J4-E 


Error 


Card 


J4-M 


Error 


Card 


J4-F 


Error 


Card 



C-3 



SICNAL MNEMONICS AND ABBREVIATIONS 
(Continued) 



MNEMONIC 


DESCRIPTION 


LOCATION 


ORIGINATING 
SOURCE 


MOCK RTN 


Motion Check Output Return 


J4-11 


Error Card 


READY 


Ready Output 


J4-D 


Error Card 


READY RTN 


Ready Output Return 


J4-L 


Error Card 


RDY DR 


Ready Lamp Driver 


JA-R 


Error Card 


STOP DR 


Stop Lamp Driver 


J4-S 


Error Card 


PICK 


Pick Driver Output 


J5-A 


Sync Card 


PICK RTN 


Pick Driver Output Return 


J5-B 


Sync Card 


SHIELD 


Shield for PICK 


J5-C 


Sync Card 


BUSY 


Busy Signal 


MB-U 


Control Card 



C-4 




SYM 

X 

A 

V 



REVISIONS 
^ DESCilPflPN 

PRE PRODUCTION RELEASE 
PRODUCTION RELEASE PER EN 55£^. 






.<? ^ 



i-iT 



.. .Mi..r. mfi ■ ■ " .. — -..■■ ■ - - ' ^ 



AfH>tK>VED 



R 



DATE 




a^i^ 



^(^^yy 



\ 



J. P. Spencer 
Director 
Engineering Services 



L. E, Taylor 

Director 

Development 



DR S, Greaves 



CHK 



1/8/71 



PSG^At>U^^,J|.J^ 




APPD 



THIS DOCUMENT MAY CONTAIM 
PtOVmiCTARY IMrORMATlON 
AND SUCH INFORMATION MAY 
MOT BE DISCLOSED TO OTHERS 
FOR ANY PURPOSE OR USED 
TO PRODUCE THE ARTICLE 
Ci SUBJECT. WITHOUT WRIT- 
flm PCRMISSIOH FROM VDM 



TITLf 



® 



varian data mac htws /• varian •ubtMiwry 

2722 mich«lson drive / irvin«/cfiliforni«/ 92064 



SOFTWARE PERFORMANCE SPECIFICATION 
620 CARD READER TEST 



—TOT! — 

IDENT NO. 

21101 



SCALE 



SIZE 

A 



DWG NO. 



89A0180 



REV 



dHM 



ISHEET I O 5l 



I 





TABLE OF CONTENTS 






SECTION 1: 


TEST PROGRAM OVERVIEW 


3 






Introduction 

Program Design Overview 

Hardware Summary 


3 
3 
4 




SECTION 2: 


EXTERNAL SPECIFICATIONS 


6 






General 

Loadlnq Procedure 
Operating Procedure 
Output Statements 
Input Statements 
Halt Table 


6 

6 

7 
13 

14 
14 




SECTION 3: 


INTERNAL SPECIFICATIONS 


17 






Qemperwnt Specificalions 

Memory Map 

I/O Commands Tested 

Component Descriptions and Flowcharts 


17 
17 
17 
19 




SECTION 4: 


TEST SPECIFICATIONS 


50 






Objectives 

Configuration 

Test Recommendations 


50 
50 
50 






verlan dfta maohinM 



yaaat 

iNfhi 



iOENtMO 



89A0180 



fV 



P 



ISHT 2 Of j> I 



9AA0039^)00A 



SECTION 1: TEST PROGRAM OVERVIEW 



1 . 1 INT RODUCTION 

The 620 Card Reader Test determines whether or not the card reader 
is functioning correctly in conjunction with the 620 computeiT. Cord reader 
models 620-22, 620-25 and 620-28 can be thus tested. 

The 620 Card Reader Test operates with the 620 Test Executive and 
thus uses standard teletype I/O routines and is equipped with both a Console Mode 
and a Teletype Mode (see Document 98A995206Rj. 



1.2 PROGRAM DESIGN OVERVIEW 

1.2.1 

An optional initialization check is provided to test the initialization 
command (EXC 030 for card reader device address 030). This command is 
currently Implemented only on the models 620-25 and ^ 0- '8. 

The program will attempt to read one card using the user indicated 
I/O mode; if reader ready comes on and no error is detected, each of the 80 
characters will be stored in memory. If reader ready does not come on or a 
mechanical error is sensed or recognized by a time-out, the program will 
report it to the user and halt. 



1.2.2 

Each commumn is tested for preset bit configuration and if the data is correct, 
the next card is read. If the data is incorrect, the error count is incremented and if SS2 
is set, the program will halt with the error information in the registers. If SS2 is not set, 
the next column will be tested. 



1.2.3 

Each column of each card is thus tested. If SS3 is set at any time or 
if the hopper becomes empty, the total data error count will be provided to the 
user and a halt will be executed. Otherwise the program will continue to run 
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until a readar reody condlHon do«s not come on and/or an en-or condition is 
sensed . 



1.2.4 

The user may determine whether I/O is to be performed under sense, 
PIM, or BIC control by providing the appropriate parameter. 



1.3 HARDWARE SUMMARY 

The following hardware items are required or are optional to use 
this program: 

1. A 620 series computer with at least 4K of memory. 

2. A Model 620-22, 620-25, or 620-28 Card Reader. 

3. (Optional) A model ASI133 or ASR35 teletype. 

4. (Optional) BIC 

5. (Optional) PIM. 



{ 
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A hardware diagram is given below: 
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SECTION 2: EXTERNAL SPECIFICATIONS 



2.1 GENB^AL 

The external specification prc^vldes all the operating procedures 
information pertinent to user interfoce* 



2.2 LOADING PROCEDURE 



and 



The 620 Card Reader Test Is available as an obfect tape or as an 
obfect cord deck. 



2.2.1 

If the object tape is used, the user must secure a copy of the 620 
Test Executive obfect tape (port number 92U0107-OOI, SPS 89A0122). The device 
used to load the tapes can be the ASR33 or ASR35 teletype paper tape reader or 
the high speed paper tope reader. The 620 Test Bcecutlve is loaded first artd 
executed to set the Consolf/ TeUtype Mode flog (see 2.3) according to the user's 
entry point. The 620 Card Reader Test obfect tape is then loaded, either by 
executing an 'L •' from the 620 Test i^cecutive (If a teletype is being used), or 
by loading it from the console. 



2.2.2 

if the object card deck is used, the user must enter the cord reader 
bootstrap given below. The card deck provided (part number 92J0I0I060A) contains 
the card binary loader, 620 Card Reader Test, and 620 Test Executive in that order. 
This deck is placed in the read hopper cf the card reader and the card reader 
readied. The A, B, X and Instruction registers are then cleared; the P reaister 
set to 0131; and 'SYSTEM RESET* then hit 'RUN' on the 620 console. When the 'READY' 
light coimes on, on the cord reader, the wards will begin to load (there may be 
some warm-up time before 'READY' comes on). 
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A successful load is designated by a holt at 06177 in the 620 Test 
Executive. From there the user picks the entry point to the 620 Test ExecutUre 
(SPS 89A0122) to set the ConsoleAeletype Mode flag and hit* 'RUN'. The actual 
620 Card Reader Test is started at 0500, after the ConsoleAeletype Mode flag has 
been set. 



2.2.3 CARD OBJEa BOOTSTRAP LOADER* 



Location Coding 



0001 14 
000115 
0001 1 6 
000117 
0001 20 
000121 

0001 22 

0001 23 

0001 24 

0001 25 
000126 
000127 
000130 
000131 
000132 

0001 33 

0001 34 
000135 
000136 



1 02530 

004250 

101130 

0001 22 

001000 

0001 1 6 

102130 

055000 

005144 

001000 

000131 

000000 

1 00230 

101130 

000114 

101630 

100127 

001000 

000131 



BOOR 



Symbolic Program 



BOOS 



BOOT 
BOOU 



CIA 


030 


LRLA 


8 


SEN 


0130, BOOS 



JMP 



*-2 



INA 


030 


STA 


0,1 


IXR 




JMP 


BOOU 


DATA 


PLD 


EXC 


0230 


SEN 


0130, BOOR 


SEN* 


0630, BOOT 


JMP 


*-4 



The assumed device address is 030. To change for a different device address, 
change the last two octal digits of each I/O command to the desired device 
address. 



^•3 OPERATING PROCEDURE 

After loading the 620 Test Executive, and the 620 Card Reader Test, and 
setting the ConsoleAeletype AAode flag by entry point fo the 620 Test 
Executive (SPS 89A0I22), the user sets the program counter to 0500 and resets 
bS3. The two procedures for Console and for Teletype Mode are given next. 
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2.3.1 SENSE SWITCH SETTINGS 

Switch 'Sefr' 

1 Not used 

2 Halt on ckita error 



Wind-up test and 
prepare for a new 
one 



Reset' 



On data error, count it 
and continue 

Continue with test 



2.3.2 TELETYPE MODE 

After starting the program at 0500 the teletype prints: 

620 CARD READER TEST 
OPTIONS? 

The user responds with a 'Y' or an 'N' for 'y®s' or 'no', respectively 
(no period or comma is input). If no options are requested, the parameters remain 
unchanged and the initialization test is performed (see below). If options are 
requested the following message is output: 

CARD READER DA- 

The user then responds with the octal device address of the card reader 
and a period or comma. 

INITIALIZATION TEST PERFORMED? 

The user responds with a 'Y' or an"N' for 'yes' or 'no', respectively 

(no period or comma Is input). If 'Y' Is input the following is typed: 

EMPTY HOPPER OF CARD READER AND THEN RESTORE CARDS 

The program then halts at IR=l*to allow the user to comply with this request. The 

user then hits 'RUN'. 

The program then senses for a reader ready condition. If the reader is ready 

when sensed, indicating a malfunction of ihe reader ready sense line, the following is printed; 

READER READY SENSED 

^ IR isfhe I nsJtruct ion Register 
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The rest of the parameters are then input (or if no options were specified, 
the test trys to reod a card). 

If 'READER READY' is not sensed the program executes a card reader 
initialize command (currently implemented only on the model 620-25 and 620-28 card 
reader). A wait occurs to allow tne reader to be mechanically initialized by this command 

The reader ready sense is then executed again. If the reader is not ready, the 
following message is printed and a halt occurs at IR =2. 

INITIALIZATION ERROR 

Hit 'SYSTEM RESET* and 'RUN' to continue with the test. If the reoder is ready, 
the initialisation was satisfactorily performed. In either case, if options were not 
specified, the program attempts to read a card using the sense mode, if options 
were specified, the program prints: 

I/O MODE= 

The user then types BIC, SEin, or iliM* (no period or comma is input). If he types 
neither, the program types 'INVALID' and again waits for BIC, SEN, or PIM. 

If he types SEN or PIM, the following message is skipped? otherwise the 
teletype types: 

BIC DA= 

The user must then type the octal device address of the BIC followed by a period 
or comma . 

If he types BIC or SEN the following messages are skipped; otherwise the 
teletype types: 

PIM DA- 
TRAP LOCATION^ 
INTERRUPT MASK- 
The user must^ type the corresponding octal values followed by a period or a comma 
after each '^' (reference following table for interrupt mask). 

Most Common 
Interrupt Line Trap Location Interrupt Mask 

OT^JC 637s 

1 0102 0375 

2 0104 0373 
While inputtino BIC, SEN, or PIM, the user may delete the previous charocter 

input with a ' ^ '. 
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Interrupt Lin* 


Itm Uestion 


Inttrrupt Moik 


3 


0106 


0367 


4 


Olio 


0357 


5 


0112 


0337 


6 


0114 


0277 


7 


0116 


0177 



If the 'READY' condition clo«i not come true on the cord reo«br, the progrom 
will type 'READER NOT READY' ond sul:»tequently halt at IR = 3 unless SS3 is set, 
in which case the summary messoge will be typed. If no reader error is detected, 
each of the 80 characters will be itored In memory. If a cord reader error Is sensed 
and the hopper Is not empty, the program will type the following: 

CARD READER ERROR 

This will be followed by a holt at |R « i. 

If a card reader error is sensed and the hopper Is empty, the following 
message wilt be typed followed by the summary messoge. 

HOPPER EMPTY 



Other abnormal conditions which would prevent the reading of a card 
are also typed when appropriote. The rriestages are generolly self explonatory 
and are given below together with the subsequent halt location: 



M essage 

CHARACTER READY TIMEOUT 

BIC BUSY (prior to initialization of BIC) 

BIC ABNORMAL STOR 

INTERRUPT TIME-OUT 

BIC BUSY TIME OUT (after initialization of BIC) 



Halt 

IR=5 
IR = 6 
IR = 7 
IR=010 

iR = on 



After any such error. It Is only necessary to hit •SYSTEM RESET* ond then 
'RUN' to resume the attempt to rood a cord. 

Each column is tested for a presist bit configuration, and if the data is correct, 
the next card is read. If any data is incorrect^ the error count is incremented and if SS2 
is set, the program will halt at IR =0100, with the X, B, and A - registers containing the 
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column, the expected value, and the actual value, respectively. Hit 'RUN' to 
continue. 

Each column of each card is thus tested. If SS3 is set at any time during 
the read operation or if a 'hopper empty' is sensed, the program types the following: 

END OF TEST, NUMBER OF CARDS READ IS XXXXXX 

TOTAL NUMBER OF ERRORS IS YYYYYY 

where XXXXXX and YYYYYY are 6-digit octal numbers. 

The test then prints 'OPTIONS?' to nestart the given sequence. The following 
messages may be printed as detected: 

CARD IN READ STATION STATUS IR=012 

PREMATURE END OF CARD STATUS IR = 013 

2.3,.3 CONSOLE MODE 

After starting the program at 0500, the program halts at IR0201 . 

The user then enters a'l'in the A-register and hits 'RUN' if he wishes 
to input parameter options. Otherwise he just hits "RUN". If no options ore to 
be input, the parameters remain unchanged ^ sense mode will be used, and the 
initialization test is begun (see below). 

If options are to be input, the test halts at |R=O202. The default Values 
here are 030 for the card reader device address and a 'T to indicate that the 
initialization test is to be performed. If the user is not satisfied with these values, 
he must key-in the card reader device address in the A-register anc|/or a 'O' in 
the B-register to indicate that the initialization test is not to be performed.. If no 
initialization is to be performed, the initialization section is skipped. 

If initialization is to be performed, the test halts at IR=^203. The user 
then empties the card reader hopper and subsequently restores the cards to the 
card reader hopper to induce a hopper empty and a reader not ready condition. 
The user then hits 'RUN'. The sense reader ready is then executed, and if it is 
true an error halt occurs at |R=0204, The user may then hit 'RUN' to continue 
after the initialization section of the test. 

If the reader is not sensed as ready, an initialization command is 
executed and a wait executed in order to allow the initialization command to be 
mechanically effected. A sense reader ready is then executed. This time if the 
result is 'TRUE' no message is printed, and the test proceeds. 
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If the result of this seme reader ready is 'FALSE', an error halt occurs at 
IR =0205. The user rrtoy continue with the test by hitting 'SYSTEM RESET* followed by 
'RUN'. 

If the 'options' alternative was not specified, the test trys to read a 
card Lfsing the sense mode. If the 'options' alternative was specified, the test holts 
at IR -0206. 

The user then enters the I/O mode in the A-register ('0' for sense, 'T 
for BIC, and '-1' for PIM); and, if appropriate, the BIC device address in the 
B- register. The default values are A-register = 0, B^register = 020. 'RUN' is 
then hit. 

If the PIM is specified, the i^rogrom halts at IR=0207 and the user must 
enter the PIM device address in the Arregister, the trap location in the B- register, 
and the interrupt mask in the X-reglsfrer, The default values are A = 040, B = OliDO, 
X = 0376; see the following table to ol3tain the interrupt mask: 



Interrupt Lir>e 


Most Common Trap Location 


Interrupt Mask 





0100 


0376 


1 


0102 


0375 


2 


0104 


0373 


3 


0106 . 


0367 


4 


0110 


0357 


5 


0112 


0337 


6 


0114 


0277 


7 


0116 


0177 



If the 'READY' corKlition corres on, on the card reader, the program 
will read one card; otherwise, the program will halt at IR = 3. If no error is 
detected, each of the 80 characters will be stored in memory. If a coed reader 
error is sensed and the hopper is not em|9ty, the program will halt at IR =4. 

If a cord reader error is semod arui the hopper is empty, the test will 
holt at the I R=€2 10 summary location (see below). Other abnormal cofdniem which 
would prevent the reading of a cord also produce halts when appropriate. They 
are: 



Halt 

IR = 5 
IR =6 
IR=7 



Explctnotion 

No character ready after sufficient interval 
BIC busy prior to BIC initialization 
BIC obnormal stop 
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Hatt Explanation 

"^ ^ 0^^ No character ready interrupt after sufficient interval 

"^ ~0n BIC busy time-out after initialization of BIC 

After any such error, it is only necessary to hit 'SYSTEM RESET' and then 
'RUN' to resume the attempt to read a card. 

Each column is tested for a preset bit configuration and if the data is correct, 
the next card is read. If the data is incorrect, the error count is incremented and if SS2 
is set, the program will halt at IR = 0100 with the X, B, and A-registers containing the 
column, the expected value, and the actual value, respectively. Hit 'RUN" to continue. 

Each column of each card is thus tested. If SS3 is set at any time during the 
read operation of if a 'hopper empty' is sensed, the program will halt at IR =0210 with 
the following information in the registers: 

A register = data error count 

B register = number of cards read 

The following halts may be executed as detected: 

IR = 012 Card in read station status 

IR =013 Premature erd of card status 

IR ~ 014 Reader ready while reading 

2.4 OUTPUT STATEMENTS 

620 CARD READER TEST 
CARD READER DA = 
I/O MODE 
BIC DA = 
PIM DA = 

TRAP LOCATION = 
INTERRUPT MASK = 
INVALID 

CHARACTER READY TIME-OUT 
CARD READER ERROR 

END OF TEST, NUMBER OF CARDS READ IS XXXXXX,* 
TOTAL NUMBER OF ERRORS IS XXXXXX,* 
BIC ABNORMAL STOP 
READER NOT READY 
BIC BUSY 

PERFORM INITIALIZATION TEST? 

EMPTY HOPPErDF CARD READER AND THEN RESTORE CARDS 
DO NOT MAKE READER READY 
HOPPER EMPTY 
READER READY SENSED 
IT SHOULD NOT HAVE BEEN 
* Octal numbers 
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INITIALIZATION ERROR 

OPTIONS ? 

I NTIRRUPT TIME-OUT 

BIC BUSY TIME-OUT 

CARD IN READ STATION STATUS 

PREMATURE END OF CARD STATUS 

READER READY WHILE READING 



2.5 INPUT STATEMENTS 

The following output statements require that the user input octal numbers 
followed by a period or comma: 

CARD READER DA = 

PIM DA = 

BIC DA = 

TRAP LOCATION = 

INTERRUPT mask: = 

The following output statements require that the user input 'Y' for 'yes? 
or 'N' for 'no'. 

OPTIONS ? 

PERFORM INITIALIZATION TEST? 



or 'PIM' 



The following output statement requires that the user input 'BIC, 'SEN', 



I/O MODE = 



2.6 HALT TABLE 
Insiruction 
Register 



1 



0201 



0202 
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Significance 

User raifioves cards from reader and then replaces 
them (Initiatization test- Teletype mode). Hit 
'RUN' to continue. 

Initialization error (Teletype Mode). HI«?*SYSTEM RESET 
and 'RUN' to continue. 

Set: A = 1 to input options. If no options 
wofitiid, leave A = 0. (Console Mode). Hit 'RUN' 
to continue. 



Set: A = card reoder device address, B = '0' for 
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Inifrucflon 



0203 

0204 
0205 
0206 

0207 



0100 



7 
5 

010 

on 

3 
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Significance 

or ioQve defaulh A = 030, B = 1 (Console Mode). 
Hit 'RUN' to continue. 

User removes cords from reader and then replaces 
them (initialization test^ Console Mode). Hit 'RUN' 
to continue. 

Reader ready sensed before initialization error (Console 
Mode). Hit 'RUN' to continue. 

Initialization error (Console Mode). Hit 'SYSTEM 
RESET' and 'RUN' to continue. 

Set: A = '0' for sense mode, '1' for BIC mode, 
'-r for PIM mode; and B = BIC device address, if 
appropriate. Default values dt A =0, B=O20 (Console 
Mode). Hit 'RUN' to continue. 
Set: A = PIM device address, B = trap location, 
X = interrupt mask. Default values are A = 040, 
B = 0100, X = 0376 (Console Mode). Hit 'RUN' 
to continue. 

Data error (SS2 set). 

X = column 

B = expected data 

A = actual data 
Hit 'RUN' to continue. 

BIC abnormal stop. Hit 'SYSTEM RESET' ond 'RUN' 
to continue. 

Character ready time-out. Hit 'SYSTEM RESET' cwd 
•RUN' to continue. 

Interrupt time-out (PIM mode). Hit 'SYSTEM RESET' 
and 'RUN' to continue. 

BIC busy time-out after initialization of BIC (BIC 
A^de). Hit 'SYSTEM RESe?'«ifid 'RUN* to continue. 

Reader not ready. Hit 'SYSTCMJffiSET* and 'RUN' 
to continue. 



96A0039-000A 
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BIC Ibuiy prior to inltldlzotron. Hit 'SYSTEM RESET* and 
'RUN' lo continue. 

Cord reodor error. Hit 'SYSTEM RESET* and 'RUN' to 
continui. 

Test summary (Console Mode). 
A = number of data drrors 
B = ni»fii>er of cards read 
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SEOION 3: INTERNAL SPECIFICATIONS 



3.1 COMPONENT SPECIFICATIONS 



The mainline section of coding performs all the functions of the 620 
Card Reader Test except inputting a card. The actual teletype communication 
subroutines referenced in the mainline section, however, are actually in the 620 
Test Executive. These subroutines are OUTD, OUTG, INPD, INPE, and INPG. 

There are three card reader I/O routines - one which utilizes sense 
control only, one which utilizes the BIC, and one which utilizes the PIM. The 
routine utilized is determined by the user. 



3.2 MEMORY MAP 
Location 
500-2070 
2071-2266 

2267-2433 

2424-2571 

2572-2620 

2620-3341 

OOl 
040-043 
0400- 0477 
05100-07777 

3.3 I/O COMMANDS TESTED 



Contents 

Mainline section 

Card Reader Driver 
(Sense Control) 

Card Reader Driver 
(PIM Control) 

Card Reader Driver 
(BIC control) 

Device Address Setter 

Teletype Msssages 



620 Maintain II Test Executive and Looders 




3.3.1 Card Reader (assumed device address = 030) 

IDiNTNO 
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Command 
SEN 0630 
SEN 0330 
SEN 0230 
SEN 0130 
EXC 030 

EXC 0230 

CIA 030 
SEN 030 
3.3.2 PIM (assumed device address 

Command 



EXC 0540 
EXC 0240 
OAR 040 



i Meqning 
Reader ready? 
Hopper empty? 

Reader error? 

Character ready? 

Initialize Card Reader (implemented only 
620-25 and 6i0-. 8; 

Feed a card 

Input Character Buffer 
Card in Read Station 
040) 

Meaning 

Clear and disable PIM 

Enable PIM 

Output PIM interrupt mask 



on 



,3.3 BIC (assumed device addresses = 020 and 021) 
Command Meaning 

Activate BIC 

Initialize BIC 

BIC busy? 

BIC abnormal stop? 

Output to BIC initial address register 

Output to BIC final address reoiiter 



EXC 


020 


EXC 


021 


SEN 


020 


SEN 


021 


OAR 020 


OAR 


021 
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3.4 COMPONENT DESCRIPTIONS AND FLOWCHARTS 
Title: Mainline Program (not a closed subroutine) 
Symbolic Name: START 

Purpose: To input user parameters; optionally, perform initialization test; check 
card input data; and communicate error conditions. 

Description: There are two modes: Teletype and Console. In Teletype mode, the 
Options parameter, Initialization Test parameter, cord reader device address, I/O 
mode, BIC device address (If appropriate) ^md :P<M device address, trap location, 
and interrupt mask (if appropriate) are input from the teletype. The cards are then 
input and checked until a data error occurs (with SS2 set), or a card reader 
problem occurs, or the user sets SS3. All messages, except data orror, are 
output to the teletype. The Console mode is the same but register entry and display 
are used instead of the teletype. 

Entry Foinrs: START 
Calling Sequence: N.A. 
Entrance Parameters N.A. 

Exit Point: The program Is a continous loop. Any halt followed by a 'RUN' on 
the 620 console will restart or continue It. 

Exit Parameters: N.A, 

Tables or flies Modified or Read: N.A. 

Tables or RIes Created: The card data Input buffer, IBUF, is used for data input. 
Called by; N.A. 

Called from: CDRD, PMRD, and BCRD - the Card Reader Driver?; DVAD - the 
Device Address Setter, and 620 Executive I/O routines. 

Exception Conditions; See 2.3.2 and 2.3.3. 

Timing: 900 cards per minute for 620-22, and 300 cards per minute for 620-25, 620-8. 
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Size: 01371 words, including data blccb. 

Comments: This program is dMlgn^d to b« run in conjunction witli the 620 Test 
Executive and uses flags and I/O rouflnos residing in that program. Console mode 
is set by starting the 620 Test Executive at 06152; Teletype mode is set by 
storting it at 07000. 

Special Notation: N.A. 

Hardware Details: A Model 620-22, 620-25, or 620-28 card reader is required. Also: 
SEN 0630 and, optionally, EXC 030*. 

Flowcharts: See following sheets. 



* A device address of 030 is assumed fFor the card reader. 
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Tftle: DEVICE ADDRCSS SETTER 

Symbolfc Name: OVAD 

Purpose: To set the device addresses of I/O ^"ftructlons 
referred to In the calling seqiisnce, according to the parameter 
specified In the calling sequence. 

Description: The device address to be used is gotten from 
the calling sequence. Each Instruction is ^^t^hed from the 
calling sequence pointers, altered, and stored baclc. When an 
the specified addresses are altered, the program returns. 

Entry Points: The only entry point Is OVAD. 

Calling Sequence: CALL OVAO. (Device address); -—a sequence 
of addresses of Instructions to be altered---; (a xeroj; 
return location. 

Entrance Parameterst The device address Is »P«<^i^i«l ^" JlJ! ^''"** 
data word after the call to WM. The subsequent ^»t«-^[?» .^^., 
are all addresses of Instructions to be altered. The final dat,i 
word is a zero. 

Exit Points The subroutine will exit right «^t«»'.**^;|;2^. 
following the Instruction address-list explained In Witrance 

Parameters. 

Exit Parameters: N.A. 

Table of Files Modified or Readi Each specified Instruction 



has Its last 6 bits se 


t to cne gi 


iven oevicv aa«r«» 


s. 




Table or Files Created: N.A„ 




1 


Called By: START - Ha Inline siictlom and CDRO, PMRO, and 
BCRD - the Card Reader Drivers. 


Called From: I^.A. 






Exception Conditions! N.A. 






Timing: About 22 cycles per Instruction altered -» 


• 13 cycles. 


Size: 027 %#ords. 
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Comments: N.A, 
Special Notation: N.A, 
Hardware Details: N.A. 
Flowcharts: See following sheet. 
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Title: CARD READER DRIVER (SENSE CONTROL) 

Symbolic Name: CDRD 

Purpose: To inpuf and store 80 columns of data from I card using sense control. 

Description: The B and X registers are preserved, and the card reader device address 
IS setm all I/O instructions by calling DVAD. A reader ready sense is performed, 
and if the sense response is true, a card is fed, and each character is input 
and stored in the buffer given in the calling sequence when sense character 
ready comes true. If the reader is not ready originally, if there is a reader 
error sensed during character input wait, or if character ready is not sensed 
true, and or hopper empty is sensed, an appropriate exit is taken. Otherwise 
the normal exit is taken. ' 

Entry Points: The only entry point is at CDRD. 

1 word 
Calling Sequence: CALL CDRD; (Buffer Address); (Reader hSi^'^iady Return); 

2 words 2 words 2 words 

(Hopper Empty Return); (Reader Error Return); (Character Ready Time-out Return); 

{ Normaf Return) , 

Entrance Parameters: The buffer address is specified in the Hm data word 
after the call to CDRD. No registers need be set for entry. 

Exit Point: The exit points are given in the calling sequence and, with the 
exception of the normal return, must contain JMP instructions to the appropriate 
processing area. 

Exit Parameters: The B and X registers are restored at exit time. 

Table or Files Modified or Read: 80 characters are stored in the given buffer 
IBUF, starting from the buffer beginning. ' 

Tables or Files Created: N.A. 
Colled By: Mainline program (START) 
Called From; Device Address Setter (DVAD) 
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ExeapHon Condl.lom: TU d^le. od*.M. of th. cord r«.d.r mo,t b. ..o,»d in 

$CRD before entry. 

Tiding: 900 cord. p.r m.nut. for 62(^-22, ond 300 cords per minute for 620-25, 670- '8 

Size: 0176 

-ri -* .-* trRH frc the card reader device address before 

^orrCDR;'' r r:r po.!^"l:S it coo^in iu^p. . .h, oppropriote 
processors . 

Special Notation: N.A. 

Hordware Details, SEN 0630, SEN 30, SEN 0330, EXC 0230, SEN 0130, SEN 0230 

CIA 030 (a device address of 30 assumed). 

Flovvchorts: See following tliMtf. 
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Title: CARD READER DRIVER (PIM CONTROL) 
Symbolic Name: PMRD 

Purpose: To input and store 80 columns of data from 1 card using 
PIM control . 

Description: The X and B registers are saved and the card reader and 
PIM device addresses are set by calls to DVAD. A reader ready is sensed, 
and if true a card is fed. The PIM is then disabled, the trap branch 
set, and the PIM enabled. Columns are then input when each interrupt 
is received. If reader ready was sensed originally, or a rttffder error is sensed, 
and/or a hopper empty condition is sensed, or too long is spent" waiting 
for an interrupt - an appropriate error exit is taken. Otherwise a 
normal exit is taken. 

Entry Points: The only entry point is PMRD. 

_ ... - ^ 1 word 2 words 

Calling Sequence: CALL PMRD. (Buffer Address); (Reader Not Ready Return); 

2 words 2 words 2 words 

(Hopper Empty Return); (Reader Error Return); (Interrupt Time-out Return); 

(Normal Return), 

Entrance Parameters: The buffer address is specified in the first data 
word after the call to PMRD. No registers need be set for entry. 

Exit Point: The exit points are given in the calling sequence and with 
the exception of the normal return, must contain jIAP JnstrucHons. 

Exit Parameters: The B and X registers are returned to their original 
state , 

Table or Files 

Modified or Read: 80 characters are stored in the given buffer, IBUF 

starting from the beginning. 
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Tables or Files 
Created: N.A. 

Called Bys Hatnllne Program (START) 

Called From: Device Address Setter (DVAO) 

Exception Conditions: The device address of card read- 
er and PIM and the trap location and Interrupt mask 
must be stored In $CRD, $PIM, INLO, and MASK, respect- 
ively. 

Timing: 900 cards per minute for 620-22 and 300 cards 
per minute for 620-25/ 620-?8. 

Size: 0145 words. 

Conwients: The user must set $CRD. $PIM, INLO, and 
MASK to the card reader device address, PIM device 
address, trap location, and Interrupt mask, respectively, 
berfore calling PMRO. The return points must also 
contain Jumps to the appropriate processors. 

Special Notations N.A. 

Hardware Detail si SEMI 0630, SEN 0330, EXC 0230, EXC 
0540, OAR 040, EXC 0240, SEN 0230, CIA 030*. 

FtoMchartss See fo11o%/lng sheets. 



* Device addresses of 030 and 040 are assumed for the card 
reader and P|M, respectively. 
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Titles CARD READER DRIVER (BIC CONTROL) 

Symbol \c Name: BCRD 

Purpose: To input and store 80 columns of data from 1 card 
usi nq BIC control . 

Description: The X register is preserved and the card 
reader and BIC device addresses are set by calls to DVAD. A 
reader ready is sensed, and if true a BIC not busy is sensed. 
If true the BIC is initialized, an initial and final buffer 
address are output to the BIC, the BIC is activated and a 
card Is fed. If the BIC goes not busy before a BIC abnormal 
stop, reader error or time-out occur, a normal exit Is taken. 
These conditions plus the initial conditions of reader not 
ready and/or hopper empty or BIC busy have separate exits. 



Entry Points: The only entry point is BCRD. 

1 word 2 words 

Calling Sequence: CALL BCRD; (Buffer Address); (Reader Not 

2 words 2 words ^ 

Ready Return); (Hopper Empty Return); (BIC Busy Return); 

2 words 2 words 2 

(Reader Error Return); (BIC Abnormal Stop Return); (Time-out 

words 
Return); (Normal Return). 

Entrance Parameters: The buffer address is specified in the 
first data word after the call to BCRD. No registers need 
be set for entry. 

Exit Point: The exit points are given in the calling sequence 
and with the exception of the normal return, must contain JMP 
i nstruct ions. 

Exit Parameters: The Band X registers are returned in their 
original state. 

Table or Files Modified or Read: 80 characters ate stored 

in the given buffer, IBUF; starting from the buffer beginning. 

Tables or Files Created: N.A. 

Called By: Mainline program (START) 

Called From: Device Address Setter (DVAD) 
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Exception Conditions: The device address of card reader and 
the first device address of BIC must be stored In $CRD and 
$BIC before entry. 

Timing: 900 cards per minute for 620-22 and 300 cards per 
minute for 620-25,6^0-8. 

Size: 0136 words 

Comments' The user must set $CRD and $BIC to the card reader 
device address and first BIC device address before calling BCF^D 
The return points must also contain jumps to the appropriate 
processors. 

Special Notation: N.A. 

Hardware Details: SEN 0630, SEN 0330, SEN 020, EXC 021, OAR 
020, OAR 021, EXC 020, EXC 0230, SEN 0230, SEN 021* 

Flowcharts: See following sheets. 



*Oevlce addresses of 30and2Oaie assumed for the card reader 
and BIC, respectively. 
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S ECTION 4t TEST SPECIFICATIONS 



4.1 OBJECTIVES 

The purpose of this section is to provide the user 
with information as to which hardware configurations have been 
run with the 620 Card Reader Test and give ha rdcopy examples 
of TTY output as a result of running the test in Teletype 
Mode. Within reason, a concerted attempt was made to test as 
many combinations of conditions as possible and provide 
example output. 

4.2 CONFIGURATION 

The following hardware configurations were success- 
fully checked out with the program: 

620/F-lOO with 620-25 
620/F-lOO with 620-28 



4.3 TEST RECOMMENDATIONS 

In order to thoroughly test th© cnrd reader, it is necessary to simulate 
certain error conditions to see if a card reader error (or in the case of a dark check 
reader not ready is sensed) is then sensed. A pick failure is created by placing 
the thumb below the bottom of the deck in the input hopper during the reading 
of cards. Produce ©srough upv/ard preHttre to keep the nexK card from being 
fetched but do not push-up thu deck and thereby produce a hopper empty. 

A hopper empty Is best produced by allowing the 
cards to run-out In the Input hopper. 

The stop button should be pressed (only momentarily, 
or a time-out will occur) during the reading of cards, and 
then the reader re-readled to insure that no Interference witin 
data transfer takes place. 

A. light check Is produced by Inputting card A (on 
the following page) nested In a deck of good cards: 

A dark check Is produced by Inputting card B (on the 
following page) nested In a <Jeck of good cards: 
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1. INTRODUCTION 



1.1 GENERAL 



The Analog- to- Digital Converter Module (ADCM) is a hardware option that 
interfaces Varian 620 and V-73 series computers to external analog devices. Two 
ADCM models are available to provide either 13-bit or 10-bit analog- to- digital reso- 
lution. An ADCM includes four functional features: 

• An Analog-to-Digital Converter (ADC), which converts analog 
input signals to either 13-bit or 10~bit digital data words for 
input to the computer. 

• A Sample and Hold Amplifier, which monitors analog input between 
conversions and provides a constant voltage source representing 
analog input to the ADC during conversion. 

• A Programmable Timer, which generates a train of timing pulses, 
with the pulse rate determined by a computer program. 

• External Sense Input Logic, which allows a computer program to 
test the status of an external device by sampling the logic level 
present on an external sense input line. 

In a maximum configuration, the ADCM may be used in conjunction with 
Varian Multiplexer and Multiplexer Expansion Modules to accommodate as many as 
256 single-ended or differential analog input channels. As many as eight ADCMs 
c£in be attached to a single computer. Refer to the Multiplexer Manual (Varian 
Publication No. 03-996-807) for details regarding this interface capability. 

Simple installation procedures allow the ADCM to be installed either at the 
factory or on-site at the user's facility. A comprehensive software test package is 
provided with the ADCM for post- installation checkout of its operational status. 
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In addition, the module is fully supported by standard Varian software and input/ output 
options. 

1.2 FUNCTIONAL DESCRIPTION 

The elements responsible for performing the four basic ADCM functions (analog- 
to-digital conversion, sample and hold, timing pulse generation, and External Sense 
decode) are shown in Figure 1-1. 

Each ADCM has a unique device address, which is set at time of installation, 
and its own device address decode logic. , The unique device address is used by the 

computer to select a particular ADCM for operation. Eight device addresses (60 to 

8 

67 ) are reserved for ADCMs. 

8 

Sample and Hold 

A sample and hold circuit continuously monitors the analog input signal during 
the intervals betw^een data conversions. At the start of a conversion, it stores the most 
recent input voltage level and provides the ADC with a constant voltage for the conversion, 

Conversion 

The actual data conversion can be initiated by one of three means: 

• Program Control — Data conversion can be started using an 
External Control (EXC) Instruction. 

• Programmable Timer Control — Pulses from the timer can 
start the ADC . 

• External Control — The ADC can be initiated by an external start 
signal, whose source is determined by the user. 

The ADC performs data conversion as a series of discrete operations. The 
current amplitude of the analog input signal is converted to either a 13-bit or 10-bit 
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binary number that corresponds to the input voltage level. The 13 bits include 12 data 
bits and a sign bit, in two's complement format. Similarly, the 10-bit number consists 
of nine data bits and a sign bit. Digital outputs from the ADCM are presented to the 
E-bus via buffer registers, which store the data between conversions. 

Data transfers from the ADCM to the computer may be under direct program 
control or under control of the optional Buffer Interlace Controller (BIC). When oper- 
ating under program control, the computer initiates data transfer in response to the 
execution of a programmed input/output control instruction. When operating under the 
hardware BIC option, data transfers are initiated and executed without program instruc- 
tion control. Thus, the BIC minimizes software overhead and permits data to be trans- 
ferred at high speeds without interrupting the processing sequence of the main computer 
program. 

Sense Interface 



The ADCM sense interface logic provides the program with three types of sense 
information — external sense, data sense, and timer sense. The logic level present 
on the External Sense input line defines the status of an external device. A true level 
on the Data Sense line informs the program that a new data word has been set into the 
buffer register. A true level on the Timer Sense line informs the program that the 
programmable timer has generated a timing pulse. 

Note that if the computer is equipped with a Program Interrupt Module (PIM) 
option, interrupts may be set by the ADC DATA READY signal and the TIME INTERVAL 
COMPLETE signal. Thus, the PIM option may be used to simplify the programming 
task of checking the input sense lines. 

Programmable Timer 

The programmable timer generates a pulse each time its decrementing counter 
reaches zero in a count cycle. The counter begins counting down from a binary number 
which is set in its buffer register by a data transfer out program instruction. The 
original value for this number remains in the buffer register until a new value is received, 
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The timer may be operated in either a continuous or a single cycle mode. In 
continuous mode, the timer pulse generated at the end of a count cycle starts a new 
cycle. In single cycle mode, each new count cycle must be started by a signal from 
an external device which is connected to the timer. In either mode of operation, the 
duration of the timer interval is set in the buffer register by programmed instructions 
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2. PROGRAMMING 



2.1 INTRODUCTION 

This section describes Assembly Language programming techniques for oper- 
ating the ADCM and presents instructions for using the software test package for checkout 
of the ADCM. The ADCM functions which are programmed include setting the timer 
pulse interval, checking the status of a sense line, and directing ADC operations. More 
detailed programming information may be found in the 620 series or V-73 system 
handbooks . 

2.2 CHECKING SENSE LINES 

Three programming instructions are used to check the status of sense lines 
associated with the ADCM: 

SEN OYY Checks if a data word is ready to be transmitted to the 

computer. 

SEN OlYY Senses if the timer has counted down to zero. 

SEN 02YY Tests the state of the external sense input line, which 
indicates the status of some external device. 

where YY specifies the ADCM device address, which may be any octal number from 
60 to 67. 

2.3 SETTING TIMER INTERVAL 

The ADCM timer may be programmed to provide a timing pulse at a predefined 
interval. This is accomplished by using assembly language programming instructions 
to define the interval to the computer and to transfer the defined value from the computer 
to the timer buffer register. 
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The defined value for the timer interval is transmitted from the computer to 
the timer buffer register as a 16-bit number (less than or equal to 65535) . The clock 
decrements this number at the rate of o]ie count per microsecond (two counts per 
microsecond in a 10-bit converter) and issues a timer pulse when the count reaches 
zero. In continuous mode, the timer automatically resets itself to the value in the 
buffer register and begins a new cycle. In single cycle mode, the next cycle must 
be initiated by an external signal. The timer mode is prewired to user specifications, 
but may be changed after installation. 

The DATA assembler directive may be used to define the timer interval value 
to the computer. After this value has been defined, it may be loaded into the timer 
buffer register either directly from memory or via the computer' s input/ output 
registers. Thus, one of three statements is used to load the buffer register: 

OAR OYY Output value from A Register to buffer registers 

OBR OYY Output value from B Register to buffer registers 

OME OYY Output value from memory to buffer registers 

where YY is the device address of timer buffer register, which may be any octal 
number from 60 to 67. Note that when the OAR or OBR instruction is used, it must 
be preceded by the appropriate load instruction (LDA or LDB) to load the computer 
input/ output register. 

The status of the timer can be se:nsed by issuing a SEN OlYY instruction. 
A true sense response on the ADCM Sense line 1 indicates that the timer has decre- 
mented to zero; a false level indicates tliat it has not. The timer continues operation 
whether or not the sense line is sampled. A true sense response resets the line to false 
after completion of the sense instructior. 
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2.4 PROGRAMMING ADC OPERATION 

Data may be transferred from the analog input Into the computer in one of 
three ways: 

1. Under total control of a user program. In this mode of operation, the 
program continuously monitors the ADC to provide correct timing. 

2. Under control of a Buffer Interlace Controller (BIC). The BIC implicitly 
utilizes the computer's interrupt structure to eliminate the need for the 
program to wait for ready signals from the ADC. 

3. Under control of an interrupt service routine which is initiated by the 
Real Time Clock or an input to a Priority Interrupt Module (PIM). This 
method makes explicit use of the interrupt structure. This method of 
programming is difficult and should not be attempted by beginners. 

The service routine itself uses program control and is similar to method 
number 1. The difference in this method is in the interaction of the 
service routines with other sequences of instructions being executed in 
the computer. This interaction is not unique to the ADC module and, for 
that reason, is not described in this manual . 

All of the computer instructions which are used to program the ADCM are 
described in this section. Note that all of these instructions are not required in any 
single mode of operation. In the descriptions of program instructions, the symbol 
YY is used to designate the two octal digits of the device address wired for the module. 

Several options are possible by placing jumper connections both on the ADCM and 
on the backplane of the slot. These options are mentioned in other sections of this 
manual. The programming instructions given in this section apply to the wiring 
combinations which are used most frequently. 

These combinations are: 
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• The timer output pulse is wired to the external start (conversion) 
of the ADC. 

• ITie tinier counter is wired to accept pulses from the clock circuit 
on the module. Pulses are generated at the rate of one per micro- 
second. Hence the maximum timer interval is 65,535 microseconds. 

Note that, therefore, the external start input is always receiving inputs since 
the timer is always running. Therefore, this input should be gated out by EXC 03 YY 
if it is not going to be used. 

Analog to Digital Conversion 

The following program instructic^ns are used to initilize and direct analog-to- 
digital conversion: 

EXC OlYY Begins analog- to-digital conversion. Input is sampled 
continuously until conversion begins, at which time the 
analog value is fixed by a "hold" circuit until conversion 
is complete. 

EXC 02YY Opens a gate circuit which permits conversion to be initiated 
by the external start input (normally wired to the timer output 
pulse). An open gate does not prevent EXC OlYY from also 
starting the conversion cycle. 

EXC 03YY Closes the gate circuit opened by EXC 02YY. EXC 03YY should 
be used prior to a data run when it is desired to initiate each 
conversion by EXC OlYY only. That is, possible false starts 
are locked out. 

SEN OYY Indicates data is ready as a result of an analog-to -digital 

conversion. This data ready line is set false (not ready) 
when conversion begins and resumes its true condition (ready) 
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when conversion is complete. It remains true until reset 
by an input instruction. The conversion process requires 
about 13 to 14 microseconds. Another conversion should 
not begin until the input circuit has sufficient time to settle 
on a new value (approximately 6 microseconds). 

Data Input 

Data may be input to the computer using the following program instructions: 

CIA (INA) OYY 

cm (INB) OYY 

CIAB (INAB) OYY 

IME OYY, < MEM LOC> 

These instructions enter the result of a conversion cycle into (respectively): 
A register 
B register 
A and B registers 
Memory location (MEM LOC) 

Each of the instructions resets the data ready input (SEN OYY). Therefore a "dummy" 
input instruction should be given prior to a data run. The dummy input acquired in this 
m.anner may be ignored. 

Timer Control 

The timer control instructions are as follows: 

OAR OYY Enters a 16-bit word (0 to 65,535) into the timer register, 

OBR OYY synchronizes the start of the timed interval, and resets 

OME OYY, the timer ready signal. The timer register represents the 
< MEM LOC> 
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number of clock periods in the interval. Normally, the 
timer is driven by an internally generated clock cycle of 
one microsecond. 

SEN OlYY Senses timer ready (interval complete). If found ready, the 
timer ready signal is reset to "not ready." The timer cycles 
continuously, setting the ready signal at the end of each cycle,, 

BIC Data Transfer 

The following instruction is used to connect the ADCM to a BIC: 

EXC OYY Connects the ADCM for BIC transfer. The BIC set-up sequence 

must be performed prior to connecting the BIC. 

2. 5 PROGRAMMING EXAMPLE S 

The following examples illustrate typical program instructions which maty be 
used to direct ADCM operation. The examples assume a 13-bit ADCM with device 
address 60 . 

o 

Example 1 — High Speed Under P ro: 3;ram Control 

In this example, each convei'sion cycle is begun by a computer instruction at the 
maximum acquisition rate (50 kHz). One hundred data points are acquired and stored 
in memory beginning at the memory address labelled FIRST. The program runs from 
the address labelled START. When all data is acquired, the computer halts at the 
address labelled DONE. 

, ORG , 0500 

* This Example Uses Program Control Exclusively 

* Data is Acquired at the Maximum Rate = 1 Sample Every 20 

* Microseconds. The Timer on the ADC Module is Used to Time 
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* 
* 
* 
* 
ADC 



START , EXC 
,LDB 
,LDX 
,CIA 
,LDA 
,OAR 
LOOP ,EXC 
,NOP 
,NOP 
,SEN 
,JMP 
TAKE ,JBZ 
,CIA 
,STA 
,IXR 
,DBR 
CHECK, SEN 
,NOP 
,NOP 
,JMP 
DONE ,HLT 
COUNT, DATA 
FIRST ,DATA 
TIME , DATA 
BUFF ,BSS 
,END 



Conversion Cycle. Of the Total 20 Microseconds, 13 — 14 
Microseconds are Required for Conversion and 6 Microseconds 
Are Required for the Sample and Hold Input to Settle on the 
Analog Input. 

, SET , 0060 Define Device Address for the ADC Module 

Close the External Start Gate 
Use B Register as Counter for # Sample Points 
Use X Register to Point to Data Buffer 
Clear Data Ready Line with Dummy Input 



0060 

0300+ADC 

COUNT 

FIRST 

ADC 

TIME 

ADC 

0100+ADC 



Load and Synchronize Timer for Sample Rate 
Start A to D Conversion Cycle 
Need Two NOP's in Loop to Permit Operation 
Of System Interrupts (Like BIC and PF/R) 
ADC, TAKE Go Take Data When Conversion Cycle Complete 



LOOP+1 
DONE 
ADC 
0,1 



Else Wait 

All Data Taken When B REG = 
Take Digital Value From Conversion Process 
Store in Memory (Data Buffer) 
Point to Next Location in Buffer 
Count the Sample Point Taken 
0100+ADC, LOOP Wait for Timer Interval Complete 
NOP's Make This an Interruptible Loop 



CHECK 



100 

BUFF 

20 

100 



Wait in Check Loop Until Interval Up 

Finished 

#Sample Point in this Data Run 

Beginning Address of Data Buffer in Memory 

20 Microseconds = Min Conversion Cycle 

Reserve 100 Locations for Data (Data Buffer) 
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Example 2 - Data Acquired Via BIC T ra nsfer 

In this example, the BIC is used to acquire data. Note the following points: 

1. The first data point is acquired through a programmed start 
(EXC 0100 + ADC). All other conversion cycles are started by 
the timer. This command could be omitted; in which case, the 
first conversion cycle would not take place until one timer interval 
wg.s completed. 

2. A BIC can be wired to multiple devices but may be used by only 
one device at a time. Therefore, it is necessary to check for 
BIC busy before setting up for this operation. Normally, after 
connecting a device to a BIC, the program does not simply wait 
for the BIC to complete its job; it usually executes some other 
sequence of instructions. 



, ORG , 01000 

* This Example Shows Data Transfer Under BIC Control 

ADC , SET ,060 Define IDevice Address for ADC Module 

BIC , SET , 020 Define ]3evice Address for BIC 

* Close External Start Gate to Prevent Inadvertant Input 
,EXC ,0300+ADC Close Gate 

Go If B]:C Not Busy With Some Other Device 
Provide Interruptible Loop for Wait 

Check BIC Again 

Prepare? BIC to Receive Instructions 
Get First Location of Data Buffer 
Get Last Address of Data Buffer 
Output Ji^irst to BIC 



BRDY 


,SEN 
,NOP 


,BIC, GO 




,NOP 






,JMP 


,BRDY 


GO 


,EXC 


, BIC + 1 




,LDA 


, FIRST 




,LDB 


,LAST 




,OAR 


,BIC 



„ OBR 
,CIA 
,LDA 
pOAR 
,EXC 
,EXC 
,EXC 
,OAR 
,EXC 
WAIT ,SEN 
,SEN 
,NOP 
,NOP 
,JMP 
ERROR, CIA 
,HLT 
DONE ,TZA 
,HLT 
FIRST ,DATA 
i:^ST ,DATA 
TIME , DATA 
BUFF ,BSS 
BEND ,BES 
,END 



BIC + 1 Output Last to BIC 

ADC Reset Data Ready Input From ADC 

TIME Get Timer Interval 

ADC Reset Timer to Known Interval 

0200 + ADC Open Ext Start Gate to Let Timer Pulses In 
BIC Enable the BIC - But Don't Go Yet 

ADC Connect ADC to BIC - Begin Transfer 

ADC Start and Synchronize Timer for Real 

0100 + ADC Start First Conversion Cycle 
BIC + 1, ERROR Error if Can't Complete all Data Transfers 
BIC, DONE Finished with all Data Transfers 
Interruptible Loop 



WAIT 

BIC 

07 



BUFF 

BEND 

1000 

100 





Instead of Wait, Could Do Other Things 
Get Address for Last Successful Transfer 
A Reg Should be Less than Contents of Last 
Normal Finish With A = 

First Word of Data Buffer 

Last Word of Data Buffer 

Min = 20 Microsecs; Max = 65,535 Microsecs 

Reserve 100 Words for Data Buffer 

Label Last Word of Buffer 



2.6 ADC/MULTIPLEXER SOFTWARE DRIVERS 

The software support modules supplied with the ADC M provide a means of 
convenient access to an ADCM/Multiplexer combination without detailed user knowl- 
edge of hardware. The modules may be used by themselves or embedded in an 
operating system. 
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Two types of software modules are supplied to accommodate both programmed 
data transfers and direct memory access data transfers. These two types of modules 
may be coresident in memory or they nay be used individually. The programmed 
data transfer module provides a higher degree of flexibility in the order of channel 
selection, timing, and data synchronization with an external source transfer mode. 
This flexibility is paid for in software overhead which limits the maximum data 
acquisition rate to 10 kHz (20 kHz for 10-bit version) using a 620/i or 620/L. Pro- 
portionally higher rates can be achieved using the faster 620/f or V-73. The direct 
memory transfer technique (using a BIC) will provide data rates up to 50 kHz (100 IdHz 
for 10-bit version), with other processing proceeding concurrently. This mode is 
limited to sequential channel or single channel input. 

This section describes these soJ;tware modules and presents programming 
examples of their use. In the descriptions and examples, the following device address 
assignments are assumed: 

Address (Octal ) Device 



060 


ADCM 


040 


Multiplexer 


020-021 


BIC, No. 1 


022-023 


BIC, No. 2 


024-025 


BIC, No. 3 


026-027 


BIC, No. 4 



Programmed Data Transfer 

The programmed ADC data transfer module (PADC) permits the user to 
specify: 

• Channel selection technique (random or sequential). 

• Last channel to be read for sequential mode or channel list specifi- 
cation for random mode. 
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• Quantity of input data and location at which the data is to be stored 
in the computer memory. 

• Time interval between the sampling of individual channels within the 
scan. 

• Time interval between successive starts of the channel-scanning process. 

• An error address to which control is to pass if an error is detected in 
the module arguments. 

The PADC module is called with the following assembly language sequence: 

CALLPADC, MODE, CHANNELS, TIME, TIME PERIODS, NUM, 
DESTINATION, EXIT 

All entries in the calling sequence are either direct addresses or indirect addresses which 
point to the actual arguments. Multiple levels of indirect addresses are permitted. The 
arguments are defined as follows: 

MODE — An integer value which specifies the technique for channel selection. 
A value of zero specifies sequential channel selection starting at channel 1 
and ending at the value of CHANNELS for each scan. A value greater than 
zero specifies random channel selection and the number of entries in the 
CHANNELS array. For each scan in a random selection, the CHANNELS 
vector determines the order of selection. 

CHANNELS — An integer vector; the values in the CHANNELS array determine 
the channel and order of selection for each scan. The size of this vector is 
determined by the value of MODE. When MODE = (sequential channel selection), 
the size is one element which represents the number of the last channel to be 
collected during each scan. When MODE is greater than zero, its value 
represents the size of the CHANNELS vector. 

TIME — An integer value which specifies the number of microseconds between 
each data sample in the scan. Therefore, TIME represents the elapsed time 
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between the start of each frame. If TENIE is zero, each sampling will be 
synchronized to an external signaL. The user should allow 50 microseconds 
(25 microseconds for 10-bit version) per channel collected within a scan to 
maintain proper time sychronization. For example, if seven chamiels are to 
be collected during each scan, the value of TDIE should be at least 350 
microseconds (175 microseconds for the 10-bit version). 

TDIE PERIODS — An integer value which specifies the number of time 
periods of TDIE microseconds to elapse bet\veen each start of the channel- 
scanning process. That is, the scan interval, or time between scan starts, 
is (TDIE X TDIE PERIODS) microseconds in length. 

NLDI "- An integer value which specifies the total number of data values to be 
collected and transferred to the DESTINATION vector. 

DESTDsATIOX — x-\n integer array which is to receive the incoming data. At 
least XLDI words must be allocated to accommodate the data. As each data 
value is input, it is placed in the next sequential location of DESTINATION. 

EXIT — A program label to which control is to be transferred when illegal 
arguments are detected. The following conditions cause an error exit: 

MODE less than 0. 

CHANNELS not between 1 and 256, inclusive. 

TDIE PERIODS less than -MODE for random mode. 

TDIE PERIODS less than CHANNELS for sequential mode. 

TDIE less than 0. 

NLDI less than or equal to 0. 

Figures 2-1 and 2-2 show examples of the use of the PADC module to perform 
both sequential and random channel colld^tion. 
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Problem Statement : 

Acquire 50 data values from chamiels 1 through 12, with an individual channel 
data rate of 500 Hz. Scan interval is 2000 microseconds. 

Timing Diagram; 



8 ms 



50jUs- 



Data Capt 



= tttttftttttt 



1^ 



2000 jUs 
Scan Interval l" 



Scan Interval 5 



1 2 



12 



1 2 " 12 



Input 
Location 
in BUFF 



L 

•— BUFF 



L 

■— BUFF+11 



At tiiis point 50 
values have been 
input 



BUFF +49 



Programmed Solution; 



CALLPADC, S, CADR, T, TP, NR, BUFF, ERR 



ERR 



HLT 



s 


DATA 


CADR 


DATA 12 


T 


DATA 50 


TP 


DATA 40 


NR 


DATA 50 


BUFF 


BSS 50 



HLT COMPUTER IF ARG ER 

SELECT SEQUENTIAL MODE 

LAST CHANNEL ADDRESS 

50 MICROSECONDS/CHANNEL 

SCAN INTERVAL IS 40 TIME PERIODS 

ACQUIRE 50 VALUES 

RESERVE 50 WORDS OF STORAGE 



Figure 2-1. Programmed Data Transfer- Sequential Selection 
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Problem Statement ; 

Acquire 300 data values from channels 10, 7, 8, 50, and 81. The individual 
channel data rate should be 2 kHz for channels 10, 7, 8, and 81, and 4 kHz for 
channel 50. The order of channel selection is 50, 81, 7, 8, and 10 for each scan. 

Timing Diagram: 



Data 

Capture 

Channel 



24.5 ms 

500 /is 
"Scan Interval 1' 



->>- 



mm 



Scan Interval 50 



50 81 7 8 10 50 



ih 



ttttit 



50 81 7 8 10 50 



Programmed Solution: 



CALL PADC,R,ADRS,T,TP,N, (BADR)*, BADARG 

BADARG CALL ERPT l^RINT ERROR MESSAGE 

• • • 

R DATA 6 LENGTH OF 'ADRS' 

* CHANNEL SELECT VECTOR 

ADRS DATA 50 

DATA 81 

DATA 7 

DATA 8 

DATA 10 

DATA 50 :E?EPEAT FOR TWICE DATA RATE 



50 MICROSECONDS PER READ 

10 TIME PERIODS PER INTERVAL 

300 INPUT VALUES 



T 


DATA 


500 


TP 


DATA 


10 


N 


DATA 


300 


BADR 


DATA 


BUFFEI 


BUFFER 


BSS 


300 



RESERVE 300 WORDS 



Figure 2-2. Programmed Data Transfer — Random Selection 



2-14 



Direct Memory Data Transfer 

Two direct memory transfer modules (DADC and SADC) utilize the BIC option 
and permit the user to acquire data from the ADCM/Multiplexer at a maximum rate 
(50 kHz for 13-bit or 100 kHz for 10-bit conversion), while the CPU can be working on 
an entirely different process. To do this, the user calls DADC to initiate the data 
transfer. Control will be returned immediately after initiation so that the user 
may proceed with independent processing. At the user's convenience, SADC may 
be called to determine whether or not the data transfer is complete. 

DADC Module 



The DADC module is called with following assembly language sequence: 

CALL DADC, BICNR, MODE, CHAN, TIME, NUM, DEST, EXIT 

All entries in the calling sequence are either direct or indirect addresses of the actual 
arguments. Multiple levels of indirect addresses are permitted. The arguments are 
defined as follows: 

BICNR — An integer value which specifies the BIC that is to be used for 
the data transfer. The range of BICNR is from one to four corresponding 
to BICs using device addresses 20-21 to 26-27 . 

MODE — An integer value which specifies whether sequential channels are 
to be scanned (MODE = 0) or data from an individual channel is to be 
acquired (MODE f 0). 

CHAN — An integer value which determines the channels to be acquired. 
If MODE = (sequential scan), CHAN represents the number of the last 
channel to be collected. If MODE 7^ (single channel input), CHAN 
represents the number of the channel to be acquired. 

TIME — An integer value which specifies the time in microseconds 
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between each data input. This value must be greater than or equal to 
20 to prevent invalid conversions. 

NUM - An integer value which specifies the total number of data values 
to be collected and transferred to the DEST vector. 

DEST- An integer array which is 1o receive the incoming data. At 
least NUM words must be allocated to accommodate the data. As each 
data value is input, it is placed in the next sequential location of DEST. 

EXIT - A program label to which control is to be transferred when illegal 
arguments are detected. The following conditions cause an error exit: 

BICNR not between 1 and 4, inclusive. 
CHAN not between 1 and 256, inclusive. 
TIME less than 20. 
NUM less than or equal to 0. 

Figures 2-3 and 2-4 show examples of the use of DADC, in conjunction with 
SADC, to perform direct memory data transfers. 

SADC Module 

The SADC module checks the statui3 of a previously initiated direct memory 
data transfer. SADC is called with the following assembly language sequence: 

CALL SADC, STATUS 
The single entry in the calling sequence C£in be either a direct address or an indirect 
address which points to the actual argument. The argument is defined as follows: 

STATUS - This argument receives a value of 0, 1, or 2 to indicate 
the status of the transfer operation:: 

Value Meaning 

Operation not complete 

1 Operation complete; no errors 

2 Operation aborted 
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Problem Statement: 



Acquire 100 data values using the sequential scan mode starting from channel 1 
through channel 10. The time between each data input should be 25 microseconds. 
The BIC with device address 20 - 21 _ will be used for the data transfer. 

o o 

Timing Diagram; 



2475 US 



25 /Us 



ih 



M tt M M t H Mt 



Data 
Capture 

Channel ^ 234 56789 10 129 10 
Input Location I I 

in VECT I - + 1 I 



I - + 1 

Programmed Solution; 

*INITIATE DATA TRANSFER 

CALL DADC = 1, =0, =10, =25, =100, VECT, ERR 



+9 



+99- 



Concurrent processing 



*WAIT FOR COMPLETION 
WAIT CALLSADC, STATE 

LDA STATE 

JAZ WAIT 



CHECK STATUS 

TEST STATUS WORD 

IF CONTINUE WAITING 



STATE DATA**. 
ERR HLT 

VECT BSS 100 



STATUS WORD 
HALT ON ERROR 
RESERVE 100 WORDS 



Figure 2-3. Direct Memory Transfer — Sequential Scan 
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Problem Statement : 

Acquire 1000 points at the fastest possible rate from channel 11. The BIC with 
device address 24^-25„ should be used to accomplish the direct memory transfer. 



Timing Diagram: 



Data 



- 19.99 ms 



Ll: 



20 Ms 



chS t t t t t t t t 

11 11 11 11 11 11 11 11 

L 

^ AREA+ 1 



11 



Input Location 
in AREA 



AREA + 999 



Programmed Solution: 

* INITIATE DATA TRANSFER 

CALL DADC, = 3, M, = 11, T, = 1000, (BUFF)*, GOOF 

* TEST FOR TRANSFER COMPLETION 
NO CALL SADC, FLAG 

LDA FLAG 

JAZ NO WAIT FOR COMPLETION 



ERROR HALT 

SELECT ONE CHANNEL INPUT 
MIN TIME = 20 MICROSECONDS 
STATE FLAG 

RESERVE 1000 WORDS 



GOOF 


HLT 




M 


DATA 5 




T 


DATA 20 




FLAG 


DATA** 




BUFF 


DATA (AREA) 




AREA 


BSS 1000 





Figure 2-4. Direct Memory Transfer - Single Channel 
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2.7 TEST PROGRAMS 

A set of test programs (binary paper tape, Part No. 03-994092) is provided 
for ADCM checkout. The set consists of six programs which may be selected through 
the Test Executive Program. The programs, numbered through 6, are as follows: 

Test No. Description 

Returns control to the Test Executive Program 
after performing other tests. 

1 Reads one channel in random mode. 

2 Reads N channels in sequential mode. 

3 Reads N channels in random mode under timer control. 

4 Reads one channel in random mode under BIG control. 

5 Reads N channels in random mode under BIG control. 

6 Tests timer. 

These programs may be selected in any order and may be run as often as desired with 
different parameters. The device addresses of the modules need be entered only once 
but may be changed by re-entering the supervisor from the Test Executive Program. 

Note that these tests accommodate a full complement of hardware consisting of 
the following modules: ADGM, Multiplexer, and BIG. The following table indicates 
which tests should be run with various hardware configurations. 

Test Number 
12 3 4 5 6 
ADGM, MUX, BIG x x x x x x 

ADGM, MUX XXX x 

ADGM, BIG X XX 

ADGM X X 
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The minimum computer configuration on which the tests may be run is a 620 or 
V-73 series computer with 4K of memory and. a teletype or other terminal on device 
code 01. 

An ADCM/MUX test shoe is required for running these tests. It can be purchased 
from Varian (Part No. 03-950399). 

Supervisor Program 

A simple supervisor or test program selector is provided as part of the test 
package to allow the user to select individual tests and return control to the Test Executive 
Program. The Test Executive Program ls a standard Varian software option which must 
be loaded and run prior to initiation of the ADCM test package. Instructions for operating 
this program are given in the Test Progrjmi Manual. The ADCM test package is loaded 
through the Test Executive. 

When the Test Executive Program is running, the "L. " command may be used to 
load the test package and transfer control to its supervisor. If the test package is 
already loaded, the "G500." command may be used to transfer control to the supervisor. 

When the supervisor is activated, it responds by issuing a carriage return/line 
feed and by starting to print a series of prompting messages. The user must enter a 
valid response to each message as it is printed. An invalid response causes the message 
to be repeated. The first message is: 

ADC, MUX AND TIMER TEST SUPERVISOR 
ENTER ADC-TIMER DEVICE ADDRESS? 

The user must enter the assigned octal number between 060 and 067 followed by a period. 
The supervisor will then print: 

ENTER MUX DEVICE ADDRESS? 
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The user must enter the assigned octal number between 040 and 077 followed 
by a period. The supervisor will then print: 

ENTER BIC DEVICE ADDRESS? 

The user must enter any of the following assigned octal numbers: 020, 022, 
024, or 026 followed by a period. 

The three device addresses entered at this time will be used throughout the 
six tests, where applicable. To change address selections, the supervisor must be 
reactivated from the Test Executive Program or run from location 500. After the 
device addresses have been entered, the supervisor will print: 

ENTER TEST NO.? 

The user should enter any number between and 6 followed by a period. The 
supervisor will then transfer control to the selected test program, which will request 
additional parameters and perform its specified functions. 

Sense Switches 



Throughout the operation of all ADCM tests, the sense switches may be used to 
perform special functions. The normal mode of operation is to reset all sense switches, 
but the following functions may be performed by setting the sense switches: 

551 Sense switch 1 suppresses teletype printouts of 
test results and error messages. This function 
is useful to speed up the continuous execution of 
a test so that an oscilloscope may be used to 
monitor signals. 

552 Sense switch 2 causes a test to repeat indefinitely 
without user intervention. 
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SS3 Sense switch 15 terminates the execution of a test and 

returns control to the supervisor. If sense switch 3 
is set when the supervisor requests a new test number, 
the following ]iiessage will be printed: 

llESET SENSE SWITCH 3 

A new test may be selected after SS3 is reset. 

Test Program Results 

The same set of statistics is printed by the test programs for Tests 1, 2, 3, 4, 
and 5. After accepting the input readings, the test programs calculate and print the 
following items: 

Minimum value in millivolts 
Average value in millivolts 
Maximum value in millivolts 

The following frequency of occurrence readings are also calculated and printed: 

Below (average value minus one count) 
Average value minus one count 
Average value 

Average value plus one count 
Above (average value plus one count) 

In tests 2, 3, and 5, where several ]nultiplexer channels are read, the statistics 
for odd and even numbered channels are calculated separately since their values are of 
opposite signs. 

Test 1 — Read One Channel in Random M ode 

In this test, the ADC is used to read a selected channel under program control in 
random mode 64 times. When the test program is activated, it will print: 

ENTER CHANNEL NO. ? 
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The user should enter any channel number between 1 and 256 in decimal format 
followed by a period. Any other response will cause the message to be repeated. If no 
multiplexer is being used, any channel number may be entered since it will have no 
effect. In this case, the test signal must be connected directly to the ADC across pins 
J2-37 and J2-38. 

The program acquires 64 input readings before printing the test statistics. 
Note that in all data printouts, the ADC quantizes the signal input at 2. 4 millivolts per 
bit, but the printout omits references to fractional data. (In the 10-bit converter, ADC 
resolution is 19. 5 millivolts per bit. ) 

Test 2 — Read N Channels in Sequential Mode 

In this test, the ADC is used to read N sequential multiplexer channels. One 
word is read on each channel under program control and stored in a core buffer. The 
test statistics are printed on the teletype along with each channel reading. Using the 
test shoe, all odd numbered channels are wired together and all even numbered channels 
are wired together. Therefore, all even channels will have one reading and all odd 
numbered will have another. When the test program is activated, it will print: 



ENTER NO. OF CHANNELS? 

The user should enter any decimal number between 1 and 256 followed by a period 
to indicate the highest numbered chaanel. Any other response will cause the message 
to be repeated. 

The program then reads the selected channels from channel 1 to the selected 
upper limit sequentially. The test results are printed first for the odd numbered 
chaimels and then for the even numbered channels. The value of each channel input is 
then printed eight readings per line. The first number of each line is the initial channel 
number on that line of print. 
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Test 3 — Read N Channels in Random Mo d e Under Timer Control 

This test exercises the ability of the multiplexer to receive random channel 
addresses from the program and for the ADC to read the specified channels under 
program control. The timer is used to start an ADC conversion every 500 microseconds. 
A table of multiplexer channel addresses is used to direct the multiplexer selection. 
Each channel on a multiplexer card is read and stored into another core buffer for 
statistical reduction. The test will accommodate up to 16 cards having 16 channels 
each. 

The test results are found for the odd and even numbered channels and are 
printed on the teletype. All readings that are not within plus or minus one count of the 
averages will be printed on the teletype. 

To perform this test, a test shoe must be installed on all of the multiplexer 
cards being tested so that test voltages will be provided to all channels. The test shoe 
must be installed on Jl of the ADC to cause external ADC starts with the timer. 

When the test program is activated,, it will print: 

ENTER NO. OF MUX CARDS? 

The user should enter any decimal number between 1 and 16 followed by a period. 
Any other response will cause the message to be repeated. The program will read the 
data into the core buffer and list the odd statistics and then the even statistics. Then all 
channels which deviate by more than plus or minus one count from the average will be 
listed. The channels are listed in the order in which they are acquired. The odd 
numbered channels are read in ascending order interlaced with the even channels in 
descending order for each card one at a time. Card one will have the following channel 
selection sequence: 1, 16, 3, 14, 5, 12, 7, 10, 9, 8, 11, 6, 13, 4, 15, and 2. 
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Test 4 — Read One Channel in Random Mode Under BIC Control 

This test program reads a specified channel on the multiplexer 64 times under BIC 
control. The 64 words are automatically transferred to a memory buffer via the BIC 
at the maximum ADC data conversion rate of 50 kHz (100 kHz for the 10-bit converter). 
The timer is used to initiate the acquisition of each word. The test results are printed 
at the conclusion of data acquisition. 

Note that to cause external ADC starts with the timer, the special test shoe must 
be plugged into the ADC connecting Jl-37 to Jl-39 and Jl-27 to Jl-41. 

When the program is activated, it will print: 

ENTER CHANNEL NO. ? 

The user should enter any decimal number between 1 and 256 followed by a period. 
Any other response will cause the message to be repeated. The program then reads the 
data, computes the results, and prints them on the teletype. 

Test 5 — Read N Channels Random Mode Under BIC Control 

This test exercises the ability of the multiplexer to receive random channel 
addresses under BIC control. Each time the ADC is started, the BIC transfers a new 
channel address to the multiplexer from a table of channel addresses in core. The 
channel is read by the ADC under program control and stored into a table in memory. 
The test program will accommodate up to 16 multiplexer cards having 16 channels each. 

Note that a test shoe must be installed on all of the multiplexer cards being 
tested so that test voltages will be provided to all channels. 

When the test program is activated, it will print: 

ENTER NO. OF MUX CARDS? 
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The user should enter any decimal number between 1 and 16 followed by a period. 
Any other response will cause the message to be repeated. The program will read the 
data into the core buffer and list the odd statistics followed by the even statistics. Then 
all channels which deviate by more than plus or minus one count from the average will 
be listed. The channels are listed in the order in which they are acquired. The odd 
channels are read in ascending order interlaced with even channels in descending order 
for each card one at a time. Card one will have the following channel selection sequence: 
1, 16, 3, 14, 5, 12, 7, 10, 9, 8, 11, 6, 13, 4, 15, and 2. 

Test 6 — Timer Test 



This test program checks the ADCM programmable timer. The test program 
sets the timer to time out every 50 milliseconds. The program counts 100 of these 
intervals and indicates the end of the cycle: by ringing the teletype bell and printing an 
asterisk, "*". Six of these 5-second intervals are exercised. The last teletype bell 
should occur exactly 30 seconds after the test is started. 

Note that the timer test runs twice as fast with the 10-bit ACDM. The teletype 
bell will ring every 2. 5 seconds and the last bell should occur exactly 15 seconds after 
the test is started. 

In order for the timer to run, it is necessary to install the special test shoe which 
connects ADC Jl-27 to Jl-41. This has the effect of connecting the 1 MHz oscillator 
to the counter. If an external time base in used, it should be connected at Jl-41. 
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3. THEORY OF OPERATION 



3.1 



INTRODUCTION 



The theory of operation presented in this section and in Section 4 assumes an 
ADCM with a 13-bit converter. The basic principles of operation are the same for 
the 10~bit version even though slight hardware differences exist between the two 
modules . 



3.2 



GENERAL THEORY 



The amplitude of the analog input signal is represented to the computer in 
16-bit binary two's complement by a 12-bit binary number and an extended sign bit. 
The value of the number is determined by bits through 11 and the sign by bits 12 
through 15. A logical 1 in bit positions 12 through 15 indicates that the number is 
negative, and a logical indicates that the number is positive or zero. 



•NOTE 



In this manual, logical 1 and logical will each have two definitions. 
Their use is determined by where the signals appear; all logic signals 
that leave or enter the ADC are ground-true and all signals internal to 
the module are +5 Vdc-true. 



Logical 1 
Logical 



E-bus 
(nominal) 

Vdc 

+3 Vdc 



ADCM 
(nominal) 

+5 Vdc 

Vdc 



The binary value of each bit position is determined by the successive approxi- 
mation technique. For each approximation, a comparison is made between a current 
proportional to the analog input voltage and the current generated in a ladder network. 
The successive approximation is carried out in 13 stages. 
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At State 1, the polarity of the input current sets the sign bit. At each of the 
succeeding stages, a new comparison is made that determines the binary level of the 
corresponding bit (logical 1 or logical 0) . The level is determined by removing an 
amount of positive reference current that is proportional to the weighted value of the 
bit. If the polarity of the remaining current is still positive, the bit is set to 1; if 
the polarity is negative, the bit is set to and the current that was removed is re- 
stored. After the thirteenth comparison is made, all 13 bits are set into the data 
buffer register, where they are stored until the next conversion is complete. 

The following paragraphs provicie a detailed discussion of the analog-to-digital 
conversion. 



3.3 



DETAILED THEORY 



Figure 3-1 illustrates the principal elements responsible for carrying out 
the analog- to-digital conversion. 
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Figure 3-1. ADC Block Diagram 
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Reference Current and Switches 

The reference current is provided to the summing junction by two stable 
reference voltage sources: -10 Vdc and +10 Vdc. 

The negative reference current is provided through a partially variable resistor 
that is calibrated to match the positive reference current of bits positions through 11. 
The negative reference current remains constant through all 13 stages of the conver- 
sion. The positive reference current is provided through 13 resistors, one for each 
bit position of the digital number. The resistor values are related in binary fashion, 
with the smallest resistor at bit position 12 (sign bit) and the largest at bit position 
(least significant bit) . 

The current from the negative reference voltage offsets the summing junction 
by an equivalent of —9. 9976 volts. The parallel resistance of the resistors for bit 
positions through 11 is equivalent to the resistance of the negative reference resistor; 
thus, the resistor network for bits through 11 will null the negative offset when all 
the switches controlling current through these resistors are closed. 

During data conversion, current is provided to the summing junction by three 
sources: -10 Vdc reference, +10 Vdc reference, and the analog input voltage of un- 
known amplitude and polarity. The positive reference current is increased or decreased 
in an attempt to null the effect of the three voltages on the summing junction. If the 
analog input voltage is plus full scale (+9.9976 volts), it will exactly null the negative 
reference. All switches will be open by the end of the conversion, removing all posi- 
tive reference current from the summing junction. If the analog input voltage is minus 
full scale (-10 volts), all positive reference current is needed to null the combined 
effect of the input voltage and the negative reference. All switches will be closed by 
the end of the conversion, adding full positive reference current to the summing 
junction. 

Table 3-1 compares the bit values of ADCM binary output for key analog input 
values; the corresponding states of each bit switch and the octal and decimal values 
of the digital output are also shown. 
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The current through each bit position resistor is controlled by a current steer- 
ing switch. Figure 3-2 illustrates a current steering switch for a single bit position. 

When the flip-flop controlling the switch is set, diode CRl is back biased and 
current through resistor Rl flows to the summing junction. If the flip-flop is reset, 
CRl is forward biased and the reference current is steered through CRl to the -15 Vdc 
sink. 

Current provided by the analog input voltage is algebraically summed with the 
current provided by the positive and negative precision references. 

This sum determines the polarity of the output of an inverting amplifier and 
comparator that are connected in series. (See Figure 3-2.) If the algebraic sum is 
positive, the output of the comparator will be a logical 1 and, if the sum is negative,, 



-15 Vdc 
Supply 
O 



Set Ff- = +1 V 
Reset Ff: = -1 V 



OR 1 



From FF 



+ 15 Vdc 
Supply 



+ 1CI V 
Rel 



Reset FF *> 
sw Open 



Rl 



II 



Set FF 
sw Closed 



J JL 



~4> 



Summing 
Juncticin 



Q -10 V 
Ref 



Amplifier 



Comparator 



Analog 
Input 





To Switch 
Control 
Flip Flops 



Figure 3-2. Current Steering Switch 
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the output will be a logical 0. The comparator output is buffered and applied to the 
D input of the set of flip-flops that control the current steering switches. The 
following paragraphs describe the logic that controls the current steering switches 
through a data conversion sequence. 

Switch Control 

A set of 13 D-type flip-flops and a 12-stage shift register form the heart of 
the logic that controls an analog- to-digital conversion. All the flip-flops, except 
flip-flop 2^, open and close the current steering swtiches in the positive reference 
current source network. They also set logical I's or O's into the data buffer 
register. The flip-flops are controlled, in turn, by the shift register. 

Between conversion operations, the flip-flops are prepared for the start of 
a new conversion. Relative high levels on Clk, Hold, Store and Sample cause flip- 
flops 2 through 2 to be set and flip-flop 2 to be reset. Flip-flop 2^ is part of 
the data buffer register. 

The Q output of those flip-flops that are set (high) close the current steering 
switches that they control. The Q output of a reset flip-flop (low) opens its switch. 
Consequently, before the start of a conversion, switch 12 (sign bit) is open and switches 
through 11 are closed. 

When the Start ADC logic is initiated (refer to Section 4), the signal Hold 
goes low and sets a logical into position 11 of the shift register and logical I's into 
positions through 10. Busy and Clock go high when Hold goes low, with the trailing 
edge of Clock, the set into position 11 of the shift register is clocked to the shift 
register's output and resets flip-flop 2 . The Q output of flip-flop 2^^ clocks flip- 
flop 2'^^\ 

12 
At this time, flip-flop 2 is set or reset according to the logic level present 

at its D input. This input will be high if the analog input voltage has negative polarity 

and will be low if the analog input voltage has positive polarity. 
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12 
If flip-flop 2 is set, the sign bit switch is closed and a logical will be set 

into bit position 12 (sign bit) of the data buffer register at the end of the conversion,. 

If it is reset, the sign bit switch remains open and a logical 1 is set into position 12 

of the buffer register at the end of the conversion. 

When flip-flop 2 resets, it also opens the switch in bit position 11. This 
removes the positive reference current contributed by that bit position. This initiates 
the second attempt at nulling the sunnming junction. 

The trailing edge of the next clock pulse moves the in the shift register to 
position 10, resetting flip-flop 2 . Tte Q output of flip-flop 2 clocks flip-flop 
2 . Flip-flop 2 sets or resets accoi-ding to the logic level present at its D input. 
If flip-flop 2 sets, switch 11 closes and a logical is set into position 11 of the 
data buffer register at the end of the conversion, If flip-flop 2 resets, switch 11 
remains open and a logical 1 is set into position 11 of the data buffer register at the 
end of the conversion. This sequence is repeated with the trailing edge of each clock 
pulse until flip-flop 2 is reset. 

The trailing edge of the last (twelfth) clock pulse in the conversion opens 


switch directly (via two inverters) for the final approximation. Flip-flop 2 is 

clocked by the transistion of the Start ADC logic from the conversion (Busy) state 

to the Sample state. Thi$ transition occurs when the last clock pulse generates the 

signal Store. When flip-flop 2 is clocked, it sets or resets in the same manner as 

the other flip-flops in the sequence. Flip-flop 2 is the buffer register for bit 

position of the digital number. 

Sample and Hold 

The amplitude of the analog input voltage is continuously monitored between 
conversions by the sample circuit shown in sheet 1 of Appendix D. This circuit is 
capable of tracking a waveform of 20 volts peak-to-peak. 
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During the Sample period, the signals Sample and Hold, which originate in 
the Start ADC logic, are both high and test point 6 is low. This switches off tran- 
sistors Ql and Q2. With Q2 off, the field-effect transistor switches Q3 and Q4, 
which control the analog input to the storage capacitors, are conducting. As long 
as they are conducting, the voltage at the storage capacitors follows the input 
voltage. 

When the Start ADC logic is set. Hold goes low and test point 6 goes high 
(sample goes low on the leading edge of the next clock pulse). This turns Ql and 
Q2 on, switching Q3 and Q4 off. The voltage present at the storage capacitors at 
the instant Q3 and Q4 stop conducting is held during the Hold period. 

During the Hold period, the stored potential in the capacitors provides the 
summing junction with a steady current that represents the input voltage. The 
period from the initiation of the conversion (Start ADC signal) to the time Q3 and 
Q4 are fully open is less than 100 nanoseconds. This period is called the aperture 
time. When the conversion cycle is complete, Q3 and Q4 close again. The time it 
takes the voltage level at the storage capacitors to reach the new analog input voltage 
level is called the recovery or acquisition time. The maximum recovery time for 
the Sample and Hold Circuit is 7 jlis. This time would be required if the potential at 
the storage capacitor were at either plus or minus full scale when Q3 and Q4 closed 
and the input voltage were at the other end of the scale. 

Power Supplies and Reference Voltages 

Four regulated power supplies, +5 Vdc, +15 Vdc, —15 Vdc, and -22 Vdc are 
provided by circuits located on a power supply module. 

The +10 Vdc and -10 Vdc precision reference voltages are provided by voltage 
regulators contained on the ADCM. 

Output of the negative reference, as measured at test point 3, is within the 
range +8. 5 Vdc to +9.5 Vdc. This output is stable to within +0. 1 mV. Coarse and 
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fine adjustments set the amount of constant offset current provided to the summing 
junction by the negative reference. With all the switches open, this offset current 
is provided entirely by the output amplifier feedback loop, and the amplifier output 
voltage is at plus full scale. 

Output of the plus reference source is +10 Vdc + 0.1 mV. The feedback 
resistance of this circuit may be calibrated with both coarse and fine adjustment. 



COMPUTER INPUT AND SWITCH SETTINGS 


Scale Values 


EB12 
EB15 


EB 
11 


EB 
10 


EB 
09 


EB 
08 


EB 
07 


EB 
06 


EB 
05 


EB 
04 


EB 
03 


EB 
02 


EB 
01 


EB 
00 


RANGE 


DECIMAL 


OCTAL 


V|n 


sw 

12 


SV\/ 

11 


SW 
10 


SW 
09 


SW 
08 


SW 
07 


SW 
06 


SW 
05 


SW 
04 


SW 
03 


SW 
02 


SW 
01 


SW 
00 


+ Full Scale 


+4095 


007777 


^- 9.9976 





1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 





C' 



































+ Half Scale 


+2048 


004000 


+■ 5.0000 





1 





























, 








c 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


+ 1 LSB 


+1 


000001 


+ 0.0024 





C' 
































1 





1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 











000000 








c 
































ID 





1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


-1 LSB 


-1 


177777 


- 0.0024 




1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




c 



































- Half Scale 


-204,8 


174000 


- 5.0000 




1 








































1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


- Full Scale +1 


-4095 


170001 


- 9.9976 





































1 




1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 





- Full Scale 


-4096 


170000 


-10.000 










































1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 



Table 3-1. ADC Output Scale 
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4. I/O INTERFACE THEORY OF OPERATION 



4. 1 PROGRAM CONTROLLED DATA TRANSFER 



Program controlled data transfer in operations occur in three stages: 

A. Start ADC - An EXC instruction starts the ADC and an 
analog- to-digital conversion cycle takes place. 

B. Data Sense — A Sense instruction tests for the availability 
of a new data word. 

C. Data Transfer In - A data transfer in instruction is executed. 

The ADCM logic involved in these stages of a data transfer operation is 
described in the following paragraphs. 

Start ADC 

The program instruction EXC OlYY sets the appropriate device address on E-bus 
lines EBOO through EB05, places function code 1 on EB06 through EB08, and places a 
logical 1 on EBll, The control pulse, FRYX, then strobes the function code into the 
function decode logic. 



The decode logic output EXCl is selected and sets the Hold flip-flop. The 
low Q output of this flip-flop causes the control switches in the Sample and Hold 
circuit to be turned off, capturing the instantaneous analog input voltage. 

On the next leading edge of a clock pulse, the Sample/Busy flip-flop resets. 
The high Busy output gates clock pulses into the shift register that sequences the 
ADC logic through the conversion cycle. 

Each succeeding clock pulse causes a bit (logical 1 or logical 0) to be set into 
the control flip-flop register. The last clock pulse in the conversion sequence 
generates a Store pulse, indicating that the data word is complete and' is being stored. 
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The Store pulse conditions the Sample/Busy flip-flop to be set with the trailing 
edge of the clock pulse that generated Store. When this flip-flop sets, the low-to- 
high transition of Sample clocks the least significant bit into its latch. 

Data Sense 

The leading edge of Store sets th(i Data Sense flip-flop. Data Sense condi- 
tions the Sense gate in preparation for a Sense instruction from the program. 

When the program issues a Sense instruction, the function decode logic 
selects the line Select 0. 

This enables the Sense gate, providing a logical 1 to the SERX line on the 
I/O bus. The Data Sense flip-flop remains set until a data transfer in operation is 
completed. 

Data Transfer 



The program executes a data traasfer in operation from an ADCM with one 
of the assembler data transfer-in instructions (refer to Section 2). The ADCM is 
selected and a logical 1 on EB13 sets th(3 DTIS (Data Transfer In) flip-flop. DTOS 
(Output Enable) gates the contents of the data buffer register onto the E-bus lines 
EBOO through EB15. EBOO through EBll carry the data bits, with the least significant 
bit on EBOO and the most significant bit on EBll. The sign bit is gated onto EB12 
through EB15 via four line drivers. This is done to accommodate the 13-bit data 
word format to the 16-bit format required by the computer. 

Output Enable resets the Data Sense flip-flop in preparation for a new conver- 
sion sequence. 

4 . 2 BIG CONTROLLED DATA TRA ^^SFER 

BlC-controUed data transfer in operations may be started by the program, 
the programmable timer, or EXT Start. 
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If the program is used to start the ADC, the EXC OlYY instructions will occur 
at intervals determined by program delays or from sensing the timer. If the output of 
the timer is used, Jl-37 must be connected to Jl-39, or optionally, jumper 5 must be 
installed. 

For timer starts or external starts, the data transfer operation must be 
preceded by an EXC 02YY instruction to set the Program flip-flop. This places the 
clock input to the Hold flip-flop under the influence of either the timer output or Ext 
Start. 

An EXC 02YY instruction is followed by an EXC OYY instruction. This sets the 
BIC Enable flip-flop, preparing the ADCM's BIC interface logic to be connected to 
the BIC. The ADCM is connected to the BIC when DC EX from the BIC sets the Con- 
nected flip-flop. When the BIC receives the output of the Connected flip-flop, 
CDCX, indicating that the ADCM has been connected, it resets DCEX. The Connected 
flip-flop remains set, however, until the BIC requests a disconnect by issuing DESX. 

The logic remains in this state until the Data Sense flip-flop is set at the end 
of a conversion. When Data Sense goes true, the output of the Connected flip-flop is 
gated through to the BIC as TRQX. This pulse requests the BIC to transfer the data 
word just converted to the computer. The BIC responds to TRQX and TAKX, which 
results in the data gating signal. Output Enable. 

The sequence is repeated each time a new Start ADC signal initiates another 
conversion cycle. When Data Sense again goes true, the data transfer phase begins. 
The BIC interrupts the sequence by resetting the Connected flip-flop with DESX. 

When the Connected flip-flop resets, the low-to-high transition of its Q out- 
put resets the BIC Enable and Program flip-flops. 

4.3 PROGRAMMABLE TIMER 



The programmable timer consists of a 16-bit down counter and a buffer register, 
The counter decrements from some number provided by the computer program until 
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the contents of the counter equal zero. At zero, a 100 nanosecond negative going 
pulse called TMR is generated. 

The 16-bit starting number is transferred to the buffer register on EBOO 
through EB15 with a data transfer out op(3ration. The data transfer must be under 
program control. 

At the start of a data transfer out operation, the ADCM is selected with its 
device address; Function Select and EB14 set the DTOS flip-flop. The program sets 
the output word on the E-bus and loads it into the timer buffer register with control 
pulse DRYX. 

One-microsecond (0. 5-microsecond in 10-bit version) clock pulses cause 
the timer to count to zero and generate a TMR pulse. When operating in a contin- 
uous mode, the pulse gates the starting number from the buffer register into the 
timer and the count begins again. In the single-cycle mode, the EXT TMR Control 
jumper is connected, a relative high level is then required on the EXT TMR Control 
input to reload the timer. After the timer is reloaded, EXT TMR Control returns 
to ground. 

Timer Sense 



The TMR pulse also resets the Timer Sense flip-flop. Output of the Timer 
Sense flip-flop conditions the Sense 1 flip-flop to be set by a Sense 1 instruction 
from the program. 

The output of the Sense 1 flip-flop goes true with the trailing edge of the 
Sense 1 instruction. This indicates to the program that the timer has counted to 
zero but prevents that signal from reaching the computer until the computer is 
ready to receive it. This synchronizing is necessary to avoid starting a signal 
race in the computer logic . 

The TMR Sense and Sense 1 flip-flops are both reset the next time a new 
starting number is loaded into the timer. 



4--4 



5. INSTALLATION 

5.1 PREREQUISITES 

Each ADCM requires one card slot in either the mainframe or Memory Expan- 
sion/Peripheral Controller frame. No special slots are reserved for use by ADCM; 
its location in the frame is determined solely by considerations of convenience in 
backplane wiring. 

A Power Supply Module (Part No. 620-88) must be installed when using an 
ADCM. If a Power Supply Module has been previously installed and sufficient 
current is available, an additional module need not be installed. 
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INSTALLATION AND INTERCONNECTION 



An ADCM is installed vertically, with its component side to the installer's 
left in 620/i and 620/L computers, and horizontally in the 620 /f computer. Figure 
5-1 illustrates a typical installation. 



CAUTION 



Do not install ADC Ms in slots that have been pre- 
viously wired for power; if the intended slot is al- 
ready wired, remove any connections to power be- 
fore installing the ADCM to protect its components, 
Refer to Table 5-1 for proper power connections. 



The card is installed with the double pin edge pointing toward the installer. 
Proper orientation is important since the cards are not keyed. 

Connection to the computer I/O-bus and to the BIC option B-bus is provided 
through backplane wiring. All pin assignments for I/O-bus and B-bus are listed in 
Appendix B of this manual. 
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Connections to external instruments include, for each ADCM, one analog 
signal input, one external sense input, and one programmable timer pulse output. 
Connector pins are also available fo]' external control inputs to the ADC start 
logic and the programmable timer. Pin assignments for these connections are 
also listed in Appendix B. Recommended connector types for Jl and J2 are identi- 
fied in the summary of key specifications in Appendix C. 

Power Supply Wiring 

Connections to the ADCM must be made for four power supply voltages and 
senses, an analog ground, a digitil ground, and digital ground sense. Table 5-1 
lists the pin assignments on the ADCM wirewrap backplane for these connections. 
When the ADCM is used with other modules (AOMs, MUXs, etc.) similar voltages 
should be tied together, and the voltage sense line should be brought from the mid- 
point of the voltage tie-line to a voltige sense line on the power supply wirewrap 
backplane. The voltage and sense points for the power supply backplane are given 
in the Power Supply Manual (Publication No. 03-996-812). This manual also contains 
detailed information regarding power supply checkout. 



Computer or Expansion Chassis 




Analog Power Supply 

(rear panel of system cabinet) 



Figure 5-1. Typical Module Installation 
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Table 5-1. ADCM Wirewrap Backplane Pin Connections for Power Supply 



Power Supply Voltage 



Digital Ground 
+ 5 Vdc 
+15 Vdc 
-15 Vdc 
-22 Vdc 
Analog Ground 



ADCM Pins 



Pl-1, 22, 48, 51, 100, 122, and J 1-2 

Pl-118, 121 

Pl-111 

Pl-113 

Pl-109 

Pl-115 



Device Address Wiring 

Table 5-2 lists the jumper connections required to wire a device address for 
an ADCM. Note that Pl-74 (Enable) is not normally used. It is available, however, 
and may be used as an additional addressing condition. For example, if two ADCM 
modules have the same device address, the Enable input can be used to permit only 
one module to respond to that address at a given time. 



Table 5-2. Device Address Wiring 



Address 


Wire Wrap Jumpers 


060 


Pl-71 to Pl-72 


Pl-68 to Pl-69 


Pl-65 to Pl-66 


061 


Pl-71 to Pl-72 


Pl-68 to Pl-69 


Pl-64 to Pl-66 


062 


Pl-71 to Pl-72 


Pl-67 to Pl-69 


Pl-65 to Pl-66 


063 


Pl-71 to Pl-72 


Pl-67 to Pl-69 


Pl-64 to Pl-66 


064 


Pl-70 to Pl-72 


Pl-68 to Pl-69 


Pl-65 to Pl-66 


065 


Pl-70 to Pl-72 


Pl-68 to Pl-69 


Pl-64 to Pl-66 


066 


Pl-70 to Pl-72 


Pl-67 to Pl-69 


Pl-64 to Pl-66 


067 


Pl-70 to Pl-72 


Pl-67 to Pl-69 


Pl-64 to Pl-66 
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PIM Wiri ng 

If the computer has the PIM option, then interrupts may be provided by 
wiring Pl-84 to the PIM to enable an interrupt at the completion of an analog-to- 
digital conversion, and by wiring Pl-73 to the PIM to enable an interrupt at the 
completion of a timer interval. 

5.3 INSTALLATION EXAMPLi ! 

Frequently, an ADCM is installed in conjunction with a Multiplexer Module. 
The following example illustrates typical steps involved in wiring a system which 
consists of an ADCM, a 16 -channel MUX, and a Power Supply Module. These steps 
are: 

1. Wire ADCM and MUX Power Supply 

2. Wire ADCM device address 

3. Wire MUX device address 

4. Wire MUX channel address for 16-channel operation 

5. Wire MUX outp^ut to ADCM 

6. Attach analog input cable to MUX 

The interconnections involved in Steps 1 through 4 are shown in Tables 5-3 
through 5-5. Step 5 is shown in Figure 5-2, and Step 6 is shown in Figure 5-3. More 
detailed information on MUX installation may be found in the Multiplexer Manual. 
Note that to simplify backplane wiring, the ADCM and MUX should be installed in 
adjacent card slots. 

DC Power 

The wirewrap interconnections for the power supply for this sample configuration 
are shown in Table 5-3. 
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Table 5-3. Typical Power Supply Wiring 



From 


To 


To 


Power Supply Patchboard 


ADC 


MUX 


+15 V 


Pl-102 


Pl-111 


Pl-111 


-15 V 


Pl-106 


Pl-113 


Pl-113 


+20 V 


Pl-75 




Pl-107 


-22 V 


Pl-79 


Pl-109 


Pl-109 


+5 V 


Pl-89 


Pl-118 




+5 V 


Pl-90 




Pl-118 


AGND 


Pl-111 


Pl-115 




AGND 


Pl-112 




Pl-115 


DGND 


Pl-97 


Pl-122 




DGND 


Pl-98 




Pl-122 



Device Address 

In this example the ADCM is assigned device address 60 . and the MUX is 

8 
assigned device address 61 as shown in Table 5-4. 



Table 5-4. Typical Device Address Assignments 



Signal Name 


ADC to ADC 


MUX to MUX 


EB-0 


Pl-65 


Pl-66 






EB-1 


Pl-68 


Pl-69 






EB-2 


Pl-71 


Pl-72 






EB-0 






Pl-65 


Pl-66 


EB-1 






Pl-68 


Pl-69 


EB-2 






Pl-71 


Pl-72 


EB-3 






Pl-74 


Pl-78 


EB-4 






Pl-77 


Pl-78 
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MUX Channel Addresses Wiring 

The MUX channel address jumpers for 16-channel operation are shown in 
Table 5-5. 

Table 5-5. Wirewrap Jumpers for 16-Channel MUX Operation 



Signal Name 



Decode -0 
Decode- 1 
BUSY 



MUX to MUX 



Pl-91 
PI- 93 



Pl-80 
Pl-81 
Pl-101 



ADC 



Pl-75 



mux: Output to ADCM 

The MUX output signal is provided by means of a shielded twisted pair cable 
from the MUX to the ADCM, as shown in Figure 5-2. 



MUX 


J2 


/""v 




43 P^ ■ 


I » 




38 >— 

36 *%— 


V/ 











J2 



'' i^ > 37 



1 \ 

\ I 
-^ / ^ 38 



U 



36 



ADCM 



F igur e 5- 2 . MUX Output to ADC M 

Analog Input Wiring 

Figure 5-3 shows typical input wiring where differential input leads are connected 
to MUX Jl-9 (high) and Jl-7 (low) and the ground line is connected to Jl-8 (analog ground), 



5- -6 



J1 



■f V 



> • > — ®- 



© 



■t 



> ' > 



<x> 



>» > 



^ 



Figure 5-3. Differential Input Connections to MUX 
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APPENDIX A 
TIMING DIAGRAMS 



A-1 



-Jl_J_JLJL_rL_rLJL_ILJ^l_J^l^l_J_J_JL_fU_ 



\i 



EXC-l OR EXT START 



HOLD 



A"A 



ANftLOG SIGNAL HELD AT DC LEVEL BY SAMPLE AND HOLD 



y v/ 



BUSY 



to 



riTF 



AAA/^ 



vy ^ V 



ii^r~u'~ij~"in~nni~i.^Ln~ii~~Lr 



ELEMENT 19, PIN 13 



ELEMENT 19. PIN 12 



ELEMENT 31 . PIN 11 



ELEMENT 31 , PIN 10 



STORE 



DTOS 



> 

CO 



DRYX-I 



LOAD TMR 



ELEMENT 35-4 



IT 
[I 
¥ 



~1[ 



CLK 

E-BUS DATA 

(Typical) 



STORED DATA 



-| 7 

COUNTER 2° 



COUNTER 2l 
COUNTER 22 



¥ 



¥ 



j_JL_iL_ri__o_fLJi_ji_jui_n_ji_n__n_n_n_n_fi_ji 



u 



L 



Tf^ilT 



¥ 



u 



NOTE: In this example, the Timer is 

loaded wi th a count of 7 and sub ■ 
sequently emits a pulse every 7 fiSEC 



APPENDIX B 
ADCM PIN ASSIGNMENTS 



BACKPLANE WIRING 
Pin No. Name 



Pl-1 
-2 



-11 
-12 
-13 

-14 

-15 
-16 
-17 
-18 
-19 
-20 
-21 
-22 
-23 
-24 
-25 
-26 
-27 
-28 
-29 
-30 



Digital Ground 
EBOO-I 



-3 Digital Ground 

-4 EBOl-I 



-5 
-6 


Digital Ground 
EB02-I 


-7 
-8 


Digital Ground 
EB03-I 


-9 
-10 


Digital Ground 
EB04-I 



EB05-I 

EB06-I 

EB07-I 

EB08-I 

EB09-I 
EBIO-I 
EBll-I 
EB12-I 
EB13-I 
EB14-I 
EB15-I 

Digital Ground 
Not used 
Digital Ground 
Not used 
Digital Ground 
FRYX-I 
Digital Ground 
DRYX-I 
Digital Ground 



Name Function 

Digital Ground 

EBOO-I One bit of device address, timer word 

or data word 
Digital Ground 
EBOl-I One bit of device address, timer word 

or data word 
Digital Ground 
EB02-I One bit of device address, timer word 

or data word 
Digital Ground 
EB03-I One bit of device address, timer word 

or data word 
Digital Ground 
EB04-I One bit of device address, timer word 

or data word 
EB05-I One bit of device address, timer word 

or data word 
EB06-I One bit of EXC or SEN code, timer word 

or data word 
EB07-I One bit of EXC or SEN code, timer word 

or data word 
EB08-I One bit of EXC or SEN code, timer word 

or data word 
EB09-I One bit of timer word or data word 
EBIO-I One bit of timer word or data word 
EBll-I One bit of timer word or data word 
EB12-I One bit of timer word or sign bit 
EB13-I One bit of timer word or sign bit 
EB14-I One bit of timer word or sign bit 
EB15-I One bit of timer word or sign bit 
Digital Ground 
Not used 
Digital Ground 
Not used 
Digital Ground 

FRYX-I Device address tag line 
Digital Ground 

DRYX-I Gates timer word into buffer register 
Digital Ground 
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APPENDIX B (Continued) 



BACKPLANE WIRING (Cont.) 



Pin No. 


Name 


Pl-31 


SERX-I 


-32 


Digital Ground 


-33 


Not used 


-34 


Digital Ground 


-35 


Not used 


-36 


Digital Ground 


-37 


Not used 


-38 


Digital Ground 


-39 


Not used 


-40 


Digital Ground 


-41 


Not used 


-42 


Not used 


-43 


SYRT-I 


-44 


lUAX-I 


-45 


Not used 


-46 


Not used 


-47 


Not used 


-48 


Digital Ground 


-49 


TRQX-B 


-50 


Not used 


-51 


Digital Ground 


-52 


Not used 


-53 


Digital Ground 


-54 


CDCX-B 


-55 


Digital Ground 


-56 


DCEX-B 


-57 


Digital Ground 


-58 


TAKX-B 


-59 


Digital Ground 


-60 


DESX-B 


-61 


Not used 


-62 


Not used 


-63 


Not used 


-64 


EBOO + 


-65 


EBOO- 


"66 


EBOI + 


-67 


EBOl + 


-68 


EBOl- 


-69 


EBII + 


-70 


EB02 + 



Name Function 

SE]EIX-I Sense input to computer 

Digital Ground 

Not UBed 

Digital Ground 

Not used 

Digitad Ground 

Not Uised 

Digitad Ground 

Not used 

Digital Ground 

Not used 

Not used 

SYRl-I Resets system logic 

lUAX-I Interrupt acknowledge from computer 

Not used 

Not used 

Not used 

Digital Ground 

TRQX-B Transfer request from ADCM to BIC 

Not used 

Digital Ground 

Not used 

Digital Ground 

CDCX-B Notifies BIC that ADCM is connected 

Digital Ground 

DCEX-B Connect signal from BIC 

Digital Ground 

TAKX-B Transfer request acknowledge from BIC 

Digital Ground 

DESX-B Disconnect from BIC 

Not used 

Not used 

Not used 

EBOO + Jumper connection for wiring device address 

EBOO - Jumper connection for wiring device address 

EBOI + Jumper connection for wiring device address 

EBOl + Jumper connection for wiring device address 

EBOl - Jumper connection for wiring device address 

EBll + Jumper connection for wiring device address 

EB02 + Jumper connection for wiring device address 
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APPENDIX B ( Continued) 



BACKPLANE WIRING (Cont.^ 



Pin No. 


Name 


Pl-71 


EB02 


-72 


EB2I + 


-73 


TIMER OUT 


-74 


ENABLE 


-75 


BUSY 


-76 


Not used 


-77 


Not used 


-78 


Not used 


-79 


Not used 


-80 


Not used 


-81 


Not used 


-82 


Not used 


-83 


OUTPUT ENA 


-84 


STORE 


-85 


DTOS 


-86 


Not used 


-87 


CLK 


-88 


Not used 


-89 


DTIS 


-90 


Not used 


-91 


Not used 


-92 


Not used 


-93 


Not used 


-94 


Not used 


-95 


Not used 


-96 


Not used 


-97 


Not used 


-98 


Not used 


-99 


Not used 


-100 


Digital Ground 


-101 


ERR 


-102 


Not used 


-103 


Not used 


-104 


Not used 


-105 


Not used 


-106 


Not used 


-107 


Not used 


-108 


Not used 


-109 


-20 Vdc 


-110 


Not used 



Name Function 

EB02 Jumper connection for wiring device address 

EB2I + Jumper connection for wiring device address 

TIMER OUT For external use of timer 

ENABLE Not normally used 

BUSY Notifies multiplexer that ADC is converting 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

OUTPUT ENABLE Gates data onto E-bus 

STORE Indicates that conversion is complete 

DTOS Timer word transfer request to computer 

Not used 

CLK For external use of CLK pulses 

Not used 

DTIS Request to transfer data to computer 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Digital Ground 

ERR Sets Data Sense condition 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

-20 Vdc 

Not used 
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APPENDIX B (Continued) 



Pin No. 


Name 


Pl-111 


+15 Vdc 


-112 


Not used 


-113 


-15 Vdc 


-114 


Not used 


-115 


Analog Ground 


-116 


Not used 


-117 


Not used 


-118 


+5 Vdc 


-119 


Not used 


-120 


Not used 


-121 


+5 Vdc 


-122 


Digital Ground 



Name Function 



+15 Vdc 
Not TJ sed 
-15 Vdc 
Not used 
Analog Ground 
Not used 
Not used 
+5 Vdc 
Not used 
Not used 
+5 Vdc 
Digital Ground 



TERMINAL EDGE CONNECTOR WIRING 



Pin No. 



Name 



Name Function 



Jl-1 


Not used 


-2 


Digital Ground 


-3 


Not used 


-4 


Digital Ground 


-5 


Not used 


-6 


Digital Ground 


-7 


Not used 


-8 


Digital Ground 


-9 


Not used 


-10 


Digital Ground 


-11 


Not used 


-12 


Digital Ground 


-13 


Not used 


-14 


Digital Ground 


-15 


Not used 


-16 


Digital Ground 


-17 


Not used 


-18 


Digital Ground 


-19 


Not used 


-20 


Digital Ground 


-21 


Not used 


-22 


Digital Ground 


-23 


Not used 


-24 


Digital Ground 


-25 


Not used 



Not used 
Digital Ground 
Not used 
Digital Ground 
Not used 
Digital Ground 
Not used 
Digital Ground 
Not used 
Digital Ground 
Not used 
Digital Ground 
Not used 
Digital Ground 
Not used 
Digital Ground 
Not used 
Digital Ground 
Not used 
Digital Ground 
Not used 
Digital Ground 
Not used 
Digital Ground 
Not used 
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APPENDIX B (Continued) 



TERMINAL EDGE CONNECTOR WIRING (Cont. ) 



Pin No. 



Name 



Jl-26 


Digital Ground 


-27 


2° 


-28 


Digital Ground 


-29 


Not used 


-30 


Digital Ground 


-31 


Not used 


-32 


Digital Ground 


-33 


Not used 


-34 


Digital Ground 


-35 


EXT SEN 


-36 


Digital Ground 


-37 


EXT START 


-38 


Digital Ground 


-39 


Tinier Out 


-40 


Digital Ground 


-41 


EXT TMR CNTL 


-42 


Digital Ground 


-43 


Not used 


-44 


Digital Ground 


J2-1 


Not used 


-2 


Analog Ground 


-3 


Not used 


-4 


Analog Ground 


-5 


Not used 


-6 


Analog Ground 


-7 


Not used 


-8 


Analog Ground 


-9 


Not used 


- 


LO 


Analog Ground 


- 


11 


Not used 


- 


12 


Analog Ground 


- 


L3 


Not used 


- 


L4 


Analog Ground 


- 


L5 


Not used 


- 


16 


Analog Ground 


- 


L7 


Not used 


- 


18 


Analog Ground 


- 


L9 


Not used 


-20 


Analog Ground 


-21 


Not used 


- 


22 


Analog Ground 



Name Function 

Digital Ground 

2° 

Digital Ground 

Not used 

Digital Ground 

Not used 

Digital Ground 

Not used 

Digital Ground 

EXT SEN Input connection for EXT SEN line 

Digital Ground 

EXT START Input connection for EXT START line 

Digital Ground 

Timer Out Output connection for timer pulses 

Digital Ground 

EXT TMR CNTL Input connection for EXT 

TMR CNTL line 
Digital Ground 
Not used 
Digital Ground 

Not used 
Analog Ground 
Not used 
Analog Ground 
Not used 
Analog Ground 
Not used 
Analog Ground 
Not used 
Analog Ground 
Not used 
Analog Ground 
Not used 
Analog Ground 
Not used 
Analog Ground 
Not used 
Analog Ground 
Not used 
Analog Ground 
Not used 
Analog Ground 
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APPENDIX B (Cont.) 



TERMINAL EDGE CONNECTOR WIRING (Cont. ) 



Pin No. 


Name 


Name Function 


J2-23 


Not used 


Not used 


-24 


Analog Ground 


Ana].og Ground 


-25 


Not used 


Not used 


-26 


Analog Ground 


Analog Ground 


-27 


Not used 


Not used 


-28 


Analog Ground 


Analog Ground 


-29 


Not used 


Not used 


-30 


Analog Ground 


Analog Ground 


-31 


Not used 


Not used 


-32 


Analog Ground 


Analog Ground 


-33 


Not used 


Not used 


-34 


Analog Ground 


Analog Ground 


-35 


Not used 


Not used 


-36 


Analog Ground 


Analog Ground 


-37 


SIG + 


SIG -.'- Input connection for + analog signal 


-38 


Analog Ground 


Analog Ground 


-39 


Not used 


Not used 


-40 


Analog Ground 


Analog Ground 


-41 


Not used 


Not used 


-42 


Analog Ground 


Analog Ground 


-43 


SIG- 


SIG - Input connection for - analog signal 


-44 


Analog Ground 


Analog Ground 
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APPENDIX C: SPECIFICATIONS 



ANA LOG- TO- DIGITAL CONVERTER 



Resolution 

Output Format 
Conversion Accuracy 

Conversion Time 

Temperature Coefficient 

Warm- Up Time 

Full Scale Range 

Digital Outputs 
BUSY 

STORE 

Output Enable 



Digital Inputs 
EXT START 



EXT SENSE 



13 binary bits 
10 binary bits 

Two's complement 

± 0.012% of full scale, ± 1/2 LSB (13-bit) 
± 0.05% of full scale, ± 1/2 LSB (10-bit) 

10 jLisec, maximum (13-bit) 
5 /Ltsec, maximum (10-bit) 

± 50 mV/°C, maximum 

Essentially zero 

± 10 V 

High (true) during Analog- to- Digital conversion. 
Available fanout: 8 logic loads. Maximum 
capacitive load: 100 pF. 

Low (true) during last 1 jit sec of the BUSY signal. 
Available fanout: 10 logic loads. Maximum 
capacitive load: 1000 pF. 

High (true) during the time ADC data is on the 
E-Bus (1. 90 )Li sec). Available fanout: 20 logic 
loads. Maximum capacitive load: 100 pF. 

1 kfi to +5 V; low true sense input. Computer 
may test the status of this input with a SEN 2YY 
instruction. 

5.6 kfi to + 5 V; low true sense input. Computer 
may test the status of this input with a SEN 2YY 
instruction. 



PROGRAMMABLE TIMER 



Clock Frequency 



1.0 MHz ± 0.01% (13-bit) 
2.0 MHz± 0.01% (10-bit) 



C-1 



Clock Drift 
Clock Stability 
Resolution 
Programmed PRF 



Timer Output 



CLK Output 



Timer Clock Input 



± 1 PPM/°C 

±0.01 PPM/day 

1 'i 
16 binary bits (computer E-Bus 2 - 2 ) 

1 MHz to 15.26 Hz (13-bit) 

2 MHz to 30.52 Hz (10-bit) 

1 jusec to 65.535 milliseconds (13-bit) 
0.5 /^sec to 32.767 miUiseconds (10-bit) 

100 nanosecond pulse to ground. 1 kfi 

to + 5 V sinks 100 mA. Maximum capacity 

load 1000 pF. 

100 nanosecond pulse from low to high. TTL 
output. Available fanout: 6 logic loads. 
PRF = 1.0 MHz ± 0.01% (13-bit) 
2.0 MHz ± 0.01% (10-bit) 

1 TTL load. Maximum PRF = 10 MHz. 
Increments coimter on low to high position. 



SAMPLE AND HOLD 



Gain and Accuracy 




Voltage Gain 


+ 1 


Accuracy 


± 0.01% of FS 


Gain Temperature Coefficient 


± 10 PPM/°C 


Track Mode, Single Ended 




Full Power Sine Wave 


65 kHz 


Slew Rate 


4 V/jusec 


Settling Time to 


± 1 mV, 4 jusec 


Track Mode, Differential 




Full Power Sine Wave 


15 kHz 


Slew Rate 


l/jusec 


Settling Time to 


± 1 mV, 30 jusec 


Input Characteristics, Single Ended 




Single Range 


± 10 V 


Maximum Rating (without damage) 


± 15 V 
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Input Impedance 

Offset Voltage 

VS Temperature 
Input Characteristics, Differential 

Signal Range 

Maximum Rating (without damage) 

Input Impedance 

Common Mode Rejection 

Offset Voltage 

VS Temperature 
Output Characteristics 

Signal Range 

Noise, RMS Wideband (hold mode) 

Decay Rate in, hold mode 

Feedthrough 20 V Step (hold mode) 
Switching Characteristics 

Aperture Time, Maximum 

Offset Pedestal, Maximum 

Acquisition Time, Maximum 



50 kfi in parallel with 5000 pF, 
+ 2 mV maximum 
± 50 mV/'^C 

+ 10 V 

± 30 V 

50 kfi 

80 dB, to 60 Hz 

+ 2 mV, maximum 

± 100 mV/°C 

± 10 V 

+ 1 mV peak-to-peak 

± 10 mV/sec 

- 80 dB 

100 nanoseconds 
± 2 mV 
6 /xsec 



POWER 



TEMPERATURE RANGE 



+ 15 Vdc± 0.1%; 150 mA 
-15 Vdc± 1% ; 150 mA 
-22 Vdc± 2%; 2 mA 
+5 Vdc± 5%; 1275 mA 



Specification 

Operating 

Storage 



0° to 50**C 
-10° to 70°C 
-55** to 85°C 
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PHYSICAL CHARACTERISTICS 



Dimensions 
Connectors 



One printed circuit board 7-3/4 x 12 x l/2 inches 

Two 44-terminal card edge connectors 
One 122-terminal card edge connector 



MODULE PERFORMANCE SUMMARY 



Accuracy 

Accuracy (with Multiplexer) 

Throughput Rate 

Throughput liate (with Multiplexer) 



± 0.025% of FS 
± 0.040% of FS 

55 kHz, maximum (13-bit) 
105 kHz, maximum (10-bit) 

50 aHz, maximum (13-bit) 
100 kHz, maximum (10-bit) 
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APPENDIX D 



SCHEMATICS, ASSEMBLIES AND PARTS LISTS 



D-1 





UTNOaiUA 





Figure D-1, Sht 1 
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Figure D- 1, Sht 2 
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ADC MODULE, 03-950025 



Schematic 
Reference 



Description 



Varian 
Part No. 



Schematic 
Reference 



ADC MODULE, 30-950025 (ContM) 



Description 



Varian 
Part Noo 



Schematic 
Reference 



101,18,13,26 
32,38,39,45, 
48,51,52 
1039,45,48,51,52 
Tr.9 5i R fi . 1 1 . 1 ;> 

104,9,10,15,16 
22,28,1010, 16 
22,28 

1019,25,31 

IO20A, 14A&B, 

42A&B,20B, 

42A&B 

1023, 47 

1027,33,34,40 

1029 

1035 

1037 

1041 

1043 

1044,54 

1046 

IO50 

10 53 

1018 

Yl 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

0R1-0R8 

0R9 

ORIO, 11, 17 

0R12 

0R13 

0R14 

OR15,16 

Rl,2 

R4, 111, 119, 122, 

123, 127, 128 

R13 

R15,19,32,36 



10 Element - 7474 



TO El foment - 944 



10 Element - 7475 
10 Element - 936 
10 Element - 7495 



10 Element - 75451 
10 Element - 946 
10 Element - 74193 
10 Element - 7430 
10 Element - 7402 
10 Element - 7440 
10 Element - 7490 N 
10 Element - 74H04 
10 Element - 7400 
10 Element - 74155 
10 Element - 7473 
10 Element - 962 
10 Element - 7404 N 
Crystal 

Amplifier, 2505 
Amplifier, 42007 
Amplifier, LM311 
Amplifier, pA^lO 
Amplifier, 2525 
Amplifier, 3401 A 
Amplifier, 2605 
Diode Array, OA3039 
Diode, 1N938 
Diode, 1N5711 
Diode, 1N4742 
Diode, 1N4735 
Diode, 1N914 

Res, F.O. 10 K, 1/4 W, 5% 

Res, F.O. IK, 1/4 W, 5% 
Res, F.O. 47 jT., 1/4 W, 5% 
Res, F.O. 51 K, 1/4 W, 5% 



62-600 365 
62-600 306 



62-600 351 
62-600 309 
62-600 406 



62-600 260 
62-600 303 
62-600 367 
62-600 359 
62-600 356 
62-600 310 
62-600 350 
62-600 012 
62-600 355 
62-600 271 
62-600 362 
62-600 300 
62-600 013 
66-479 984 
62-600 219 
62-600 235 
62-600 208 
62-600 190 
62-600 204 
78-199 966 
62-600 203 
62-600 091 
66—300 9oo 
66-981 101 
66-304 742 
66-304 735 
66-304 148 

32-301 510 

32-301 410 
32-301 247 
32-301 551 



R16,20,23,33 
37,41,118,120 

124 Res 

R29 Res 

R93 Res 

R97 Res 

Ri03 Res 

R107,R121 Res 

R87 Res 

R89 Res 

R129 Res 

R22,R40 Res 

R7 Res 

RIO, 110 Res 

R14 Res 

R17,55 Res 

R18 Res 

R21 Res 

R24 Res 

R25,44 Res 

R26,45 Res 

R27,46,83 Res 

R28 Res 

R34,R96 Res 

R38 Res 

R42 Res 

R47 Res 

R49 Res 

R50 Res 

R51 Res 

R54 Res 

R56 Res 

R59 Res 

R60 Res 

R61,68,91 Res 

R64,108,112 Res 

R65 Res 

R66 Res 

R72 Res 

R74 Res 

R80,82 Res 

R90 Res 

R92 Res 

R95 Res 

R130 Res 

R113 Res 

R88 Res 

R81 Res 

R70 Res 



F.O. 5.6 K, 1/4 W, 5% 
F.O. 8.2 MEG, 1/4 W, 5% 
F.C.J 15 K. 1/4 W, 5% 
F.O. 10^, 1/4 W, 5% 
r,\-/. o.i^i XV, x/^t vv, 010 
F.O, 470^, 1/4 W, 5% 
F.O, 200^, 1/4 W, 5% 
F.O. 560^, 1/4 W, 5% 
F.O. 220^, 1/4 W, 5% 
F. 0. 39 K, 1/4 W, 5% 
MF, 1. 13 K, 1/4 W, 1% 
MF, 2 K, 1/4 W, 1% 
MF, 453 ^ , 1/4 W, 1% 
MF, 6.98 K, 1/4 W, 1% 
MF, 499 K, 1/4 W, 1% 
MF, 249 K, 1/4 W, 1% 
MF, 124 K, 1/4 W, 1% 
MF, 16.2 K, 1/4 W, 1% 
MF, 28 K, 1/4 W, 1% 
MF, 5. 9 K, 1/4 W, 1% 
MF, 61.9 K, 1/4 W, 1% 
MFi 110 K- 1/4 W. 1% 
MF, 56,2 K, 1/4 W, 1% 
MF, 27.4 K, 1/4 W, 1% 
MF, 13. 7 K, 1/4 W, 1% 
MF, 8.45 K, 1/4 W, 1% 
MF, 14 K, 1/4 W, 1% 
MF, 3.01 K, 1/4 W, 1% 
MF, 4.22 K, 1/4 W, 1% 
MF, 1.47 K, 1/4 W, 1% 
MF, 2. 15 K, 1/4 W, 1% 
MF, 3.48 K, 1/4 W, 1% 
MF, 750^, 1/4 W, 1% 
MF, IK, 1/4 W, 1% 
MF, 1. 78 K, 1/4 W, 1% 
MF, 383^, 1/4 W, 1% 
MF, 205 j^, 1/4 W, 1% 
MF, 348^, 1/4 W, 1% 
MF, 4.99 K, 1/4 W, 1% 
MF, 26.1 K, 1/4 W, 1% 
MF, 392^, 1/4 W, 1% 
MF, 261 j^, 1/4 W, 1% 
MF, 10 K, 1/4 W, 1% 
MF, 5.62 K, 1/4 W, 1% 
MF, 17.8^, 1/4 W, 1% 
MF, 806^, 1/4 W, 1% 
MF, 562^, 1/2 W, 1% 



32-301 456 
32-301 782 
32-301 515 
32-301 210 

00_0A1 /I QO 

32-301 347 
32-301 320 
32-301 356 
32-301 322 
32-301 539 
31-224 113 
31-224 200 
31-223 453 
31-224 698 
31-226 499 
31-226 249 
31-226 124 
31-225 162 
31-225 280 
31-224 590 
31-225 619 
31-226 110 
31-225 562 
31-225 274 
31-225 137 
31-224 845 
31-225 140 
31-224 301 
31-224 422 
31-224 147 
31-224 215 
31-224 348 
31-223 750 
31-224 100 
31-224 178 
31-223 383 
31-223 205 
31-223 348 
31-224 499 
31-225 261 
31-223 392 
31-223 261 
31-225 100 
31-224 562 
31-222 178 
31-223 806 
31-614 654 



R71 

R109 

R53 

R58 

R69 

R75,R76 

R98,102,105, 

106 

R6 

R77 

R3 

R30 

R31 

R35 

R39 

R43 

R48 

R52 

R57 

R62 

R5,R78,101,104 

R8 

JL.%,\I • , JLfc • ur 

R79 99 

R85 

Ql 

Q2 

Q3,Q4 

Gl-19, 23, 25-29, 

32-37,41,42,46,51-E 

02,4,5,8,9,12,13, 

14,16,19,23 

022 

030,031 

038,039 

O40, 

043,45,49 

044,50 

047 

048 

055 

054 
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ADC MODULE, 30-950025 (ContM) 



Varian 


Schematic 






Part No. 


Reference 




Description 




R16,20,23,33 








37,41,118,120 






62-600 365 


124 


Res, 


F.C, 5.6 K, 1/4 W, 5% 




R29 


Res, 


F.C. 8.2 MEG, 1/4 W, 5% 


62-600 306 


R93 


Res, 


F.C, 15 K, 1/4 W, 5% 




R97 


Res, 


F.C. 10^, 1/4 W, 5% 




R103 


Res, 


F.C. 8.2 K, 1/4 W, 5% 


62-600 351 


R107,R121 


Res, 


F.C, 470^, 1/4 W, 5% 


62-600 309 


R87 


Res, 


F.C. 200^, 1/4 W, 5% 


62-600 406 


R89 


Res, 


F.C, 560 ., 1/4 W, 5% 




R129 


Res, 


F.C. 220^, 1/4 W, 5% 




R22,R40 


Res, 


F.C. 39 K, 1/4 W, 5% 


62-600 260 


R7 


Res, 


MF, 1. 13 K, 1/4 W, 1% 


62-600 303 


RIO, 110 


Res, 


MF, 2 K, 1/4 W, 1% 


62-600 367 


R14 


Res, 


MF, 453 j^, 1/4 W, 1% 


62-600 359 


R17,55 


Res, 


MF, 6.98 K, 1/4 W, 1% 


62-600 356 


R18 


Res, 


MF, 499 K, 1/4 W, 1% 


62-600 310 


R21 


Res, 


MF, 249 K, 1/4 W, 1% 


62-600 350 


R24 


Res, 


MF, 124 K, 1/4 W, 1% 


62-600 012 


R25,44 


Res, 


MF, 16,2 K, 1/4 W, 1% 


62-600 355 


R26,45 


Res, 


MF, 28 K, 1/4 W, 1% 


62-600 271 


R27,46,83 


Res, 


MF, 5, 9 K, 1/4 W, 1% 


62-600 362 


R28 


Res, 


MF, 61. 9 K, 1/4 W, 1% 


62-600 300 


R34,R96 


Res, 


MF, 110 K, 1/4 W, 1% 


62-600 013 


R38 


Res, 


MF, 56.2 K, 1/4 W, 1% 


66-479 984 


R42 


Res, 


MF, 27,4 K, 1/4 W, 1% 


62-600 219 


R47 


Res, 


, MF, 13. 7 K, 1/4 W, 1% 


62-600 235 


R49 


Res, 


MF, 8,45 K, 1/4 W, 1% 


62-600 208 


R50 


Res, 


, MF, 14 K, 1/4 W, 1% 


62-600 190 


R51 


Res 


, MF, 3.01 K, 1/4 W, 1% 


62-600 204 


R54 


Res 


, MF, 4.22 K, 1/4 W, 1% 


78-199 966 


R56 


Res 


, MF, 1.47 K, 1/4 W, 1% 


62-600 203 


R59 


Res 


, MF, 2. 15 K, 1/4 W, 1% 


62-600 091 


R60 


Res 


, MF, 3.48 K, 1/4 W, 1% 


66-300 938 


R61,68,91 


Res 


, MF, 750^, 1/4 W, 1% 


66-981 101 


R64, 108, 112 


Res 


, MF, 1 K, 1/4 W, 1% 


66-304 742 


R65 


Res 


, MF, 1. 78 K, 1/4 W, 1% 


66-304 735 


R66 


Res 


, MF, 383^, 1/4 W, 1% 


66-304 148 


R72 


Res 


, MF, 205^, 1/4 W, 1% 




R74 


Res 


, MF, 348 ^ , 1/4 W, 1% 


32-301 510 


R80, 82 


Res 


, MF, 4. 99 K, 1/4 W, 1% 




R90 


Res 


, MF, 26. IK, 1/4 W, 1% 


32-301 410 


R92 


Re& 


, MF, 392 ^ , 1/4 W, 1% 


32-301 247 


R95 


Res 


, MF, 261^, 1/4 W, 1% 


32-301 551 


R130 


Res 


, MF, 10 K, 1/4 W, 1% 




R113 


Res 


, MF, 5.62 K, 1/4 W, 1% 




R88 


Res 


, MF, 17.8 jT., 1/4 W, 1% 




R81 


Res 


, MF, 806^, 1/4 W, 1% 




R70 


Res 


, MF, 562 ^ , 1/2 W, 1% 



Varian 
Part No. 



32-301 456 
32-301 782 
32-301 515 
32-301 210 
32-301 482 
32-301 347 
32-301 320 
32-301 356 
32-301 322 
32-301 539 
31-224 113 
31-224 200 
31-223 453 
31-224 698 
31-226 499 
31-226 249 
31-226 124 
31-225 162 
31-225 280 
31-224 590 
31-225 619 
31-226 110 
31—225 562 
31-225 274 
31-225 137 
31-224 845 
31-225 140 
31-224 301 
31-224 422 
31-224 147 
31-224 215 
31-224 348 
31-223 750 
31-224 100 
31-224 178 
31-223 383 
31-223 205 
31-223 348 
31-224 499 
31-225 261 
31-J223 392 
31-223 261 
31-225 100 
31-224 562 
31-222 178 
31-223 806 
31-614 654 



Schematic 






Varian 


Reference 




Description 


Part No. 


R71 


Res, 


MF, 909^, 1/2 W, 1% 


31-614 653 


R109 


Res, 


MF, 499^, 1/2 W, 1% 


31-614 655 


R53 


Res, 


MF, 32 K, .01% 


31-239 053 


R58 


Res, 


MF, 16 K, .01% 


31-239 052 


R63 


Res, 


MF, 8K, .01% 


31-239 051 


R69 


Res, 


MF, 4K, .01% 


31-239 050 


R75,R76 


Res, 


MF, 2 K, .01% 


31-239 059 


R98,102,105, 








106 


Res, 


MF, 50 K, 1% 


31-239 058 


R6 


Res, 


MF, 10.5 K, 1% 


31-239 057 


R77 


Res, 


MF, 2 K, 1% 


31-239 031 


R3 


Res, 


MF, 10 K, 1% 


31-239 033 


R30 


Res, 


MF, 390^, .1% 


31-613 347 


R31 


Res, 


MF, 6 K, 


31-613 281 


R35 


Res, 


MF, 512 K 


31-613 339 


R39 


Res, 


MF, 256 K 


31-613 340 


R43 


Res, 


MF, 128 K 


31-613 344 


R48 


Res, 


MF, 64 K 


31-613 343 


R52 


Res, 


MF, 6.81 K 


31-613 342 


R57 


Res, 


MF, 3.48 K 


31-613 345 


R62 


Res, 


MF, 1. 74 K, . 1% 


31-613 346 


R5,R78,101,104 


Res, 


VAR, W,W. 1 K 


37-577 311 


R8 


Res, 


VAR, W.W. 50 _^ 


37-577 308 


R67,R73 


Res, 


VAR, W.W. 200 j^ 


37-577 310 


R79,99 


Res, 


VAR, W.W. 50 K 


37-577 315 


R85 


Res, 


VAR, W.W. 20 K 


37-577 314 


Ql 


Transistor, 2N3906 


62-903 906 


Q2 


Transistor, 2N3904 


62-903 904 


Q3,Q4 


Transistor, FET, U1897E 


62-798 125 


Cl-19, 23, 25-29, 








32-37,41,42,46,51- 


-53, 






02,4,5,8,9,12,13, 








14,16,19,23 


Cap, 


OER, 1 pf, 200 V, 10% 


41-228 009 


022 


Cap, 


OER, 1000 pf, 100 V, 5% 


41-159 599 


030,031 


Cap, 


Mylar, .005p;f, 100 V, l/2% 


41-718 754 


038,039 


Cap, 


OER, 5 pf, 500 V, 10% 


41-159 505 


C40, 


Cap, 


OER, 20 pf , 500 V, 5% 


41-159 573 


043,45,49 


Cap, 


Elect, 100 pi, 25 V 


41-506 258 


044,50 


Cap, 


Elect, 25 pi, 25 V 


41-506 255 


047 


Cap, 


OER, 130 pf, 500 V, 5% 


41-159 566 


048 


Cap, 


OER, . 1 gl, 25 V, 20% 


41-206 993 


055 


Cap, 


270 pf, 500V 


41-159 601 


054 


Cap, 


MICA, 51 pf, S00V,5% 


41-159 584 
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Schematic 
Reference 



Description 



Varian 
Part No. 



Schematic 
Reference 



TP1-TP7 

IC1,8,15, 

26,38,39, 

45,48,51.52 

IC4,9,10, 

IK 1C OO OO 
JLt^, •LU, A£J, ibU 

IC3,5,6,11, 

12,23 

1019,25,31 

IC20A,20B542A, 

42B 

IC47 

10 27,33,34,40 

1029 

1032,35 

1037 

1041 

1043 

1044,54 

1046 

IO50 

1053 

1017= 18; 24. 

30,36 

Yl 

Al 

A2 

A3,A4 

A5 

A6 

A7 

0R1-0R8 

0R9 

CR10,11,17 

0R12 

0R13 

OR14,15,16 

Ra^2 

R4, 119, 122, 123 

R13 

R19 

R16, 20, 23,41, 

118, 120, 124 

R127,128,R131, 

134 

R93 

R97 



Terminal, Swage 



10 Element - 7474 



10 Element - 7438 
10 Element - 7495 



Description 



Varian 
Part No. 



Schematic 
Reference 



16-229 857 



10 Element 
10 Element - 
10 Element 
10 Element- 
10 Element- 
10 Element - 
10 Element - 
10 Element - 
10 Element - 
10 Element - 
10 Element - 
10 Element - 



- 75451 
946 

- 74193 

- 7430 

- 7402 

- 7440 
7490N 
74H04 
7400 
74155 
7473 
962 



10 Element - 7404N 

Crystal 

Amplifier, 2505 

Amplifier, A2007 

Amplifier, p,A710O 

Amplifier, 2525 

Amplifier, 340 lA 

Amplifier, 2605 

Diode Array, CA3039 

Diode, 1N938 

Diode, 1N5711 

Diode, 1N4742 

Diode, 1N4735 

Diode, 1N914 

Res. F, O. 10 K, 1/4 W, 5% 

Res. F.O. IK, 1/4, 5% 

Res. F.O., 47^, 1/4 W, 5% 

Res. F.O., 51 K, 1/4 W, 5% 

Res, F.O., 5.6 K, 1/4 W, 5% 

Res., F.O., 510^, 1/4 W, 5% 
Res., F.O., 15K, l/4 W, 5% 
Res., F.O., 10^, 1/4, 5% 



t):2-bU0 351 

62-600 373 
62-600 406 

62-600 260 
62-600 303 
62-600 367 
62-600 359 
62-600 356 
62-600 310 
62-600 350 
62-600 012 
62-600 355 
62-600 271 
62-600 362 
62-600 300 



66-481 592 
62-600 219 
62-600 235 
62-600 190 
62-600 204 
78-199 966 
62-600 203 
62-600 091 
66-300 938 
66-981 101 
66-304 742 
66-304 735 
66-304 148 
32-301 510 
32-301 410 
32-301 247 
32-301 551 

32-301 456 

32-301 351 
32-301 515 
32-301 210 



R103 Res. 

R107,R121 Res. 

R87 Res, 

TJQQ X>a.^ 

R129 Res. 

R15,R40 Res. 

RIO, 110 Res. 

R14 Res. 

R55 Res. 

R17 Res. 

R30 Res. 

R44, 135 Res. 

R45 Res. 

R46,83 Res. 

R96 Res. 

R31 Res. 

R42 Res. 

R47 Res. 

R49,R136 Res. 

R22,50 Res. 

R51 Res. 

R54 Res. 

"OKC T>^^ 

R59 Res. 

R60 Res. 

R61,68,91 Res. 

R7, 64, 108, 112 Res. 

R65 Res. 

R66 Res. 

R72 Res. 

R74 Res. 

R80, 82 Res. 

R90 Res. 

R92 Res. 

Ry5 Res. 

R130 Res. 

R113 Res. 

R88 Res. 

R81 Res. 

R70 Res. 

R71 Res. 

R109 Res. 

R53 Res. 

R58 Res. 

R63 Res. 

R69 Res. 

R75,R76 Res. 



, F.O., 8.2 K, 1/4 W, 5% 

, F.O., 470^, 1/4 W, 5% 

F. 0. , 200 ^ , 1/4 W, 5% 

T? r* snan i I a xit s.O! 

F.O., 220^ , 1/4 W, 5% 
F.C., 39 K, 1/4 W, 5?o 
MF, 2 K, 1/4 W, 1% 
MF, 453 sx. » 1/4 W, 1% 
MF, 6. 98 K, 1/4 W, 1% 
MF, 4.42 K, 1/4 W, 1% 
MO, 200^, 1/4 W, 1% 
MO, 16.2 K, 1/4 W, 1% 
MO, 28 K, 1/4 W, 1% 
MO, 5.9 K, 1/4 W, 1% 
MO, 110 K, 1/4 W, 1% 
MO, 1.4 K, 1/4 W, 1% 
MO, 27.4 K, 1/4 W, 1% 
MO, 13. 7 K, 1/4 W, 1% 
MO, 8.45 K, 1/4 W, 1% 
MO, 14 K, 1/4 W, 1% 
MO, 3.01 K, 1/4 W, 1% 
MO, 4.22 K, 1/4 W, 1% 



A/rn 

MO, 
MO, 
MO, 
MO, 
MO, 
MO, 
MO, 
MO, 
MO, 
MO, 
MO, 
MO, 
MO, 
MO, 
MF, 
MF, 
MF, 
MF, 
MF, 
MF, 
MF, 
MF, 
MF, 



1 A 17 fr ■* / A \\1 t Of 
X. rt I x>., JL/ T r» , X /o 

1 K ir 1 /a \\7 -1 07. 
*J. xw X*-, x/ -x ** , X /U 

3.48 K, 1/4 W, l7o 
750^, 1/4 W, 1% 

1 K, 1/4 W, 1% 

1. 78 K, 1/4 W, 1% 
383^, 1/4 W, 1% 
205^, 1/4 W, 1% 
348^, 1/4 W, 1% 
4. 99 K, 1/4 W, 1% 
26. IK, 1/4 W, 1% 
39.2^, 1/4 W, 1% 
261^, 1/4 W, 1% 
10 K, 1/4 W, 1% 
5.62 K, 1/4 W, 1% 
17.8^, 1/4W, 1% 
506^, 1/4 W, 1% 
562^, 1/2 W, 1% 
909^, 1/2 W, 1% 
499 ^ , 1/2 W, 1% 
32 K, . 10% 
16 K, . 10% 



8K, .01% 
4 K, . 10% 
2 K, . 10% 



32-301 482 
32-301 347 
32-301 320 

32-301 322 
32-301 539 
31-224 200 
31-223 453 
31-224 698 
31-224 442 
31-223 200 
31-225 162 
31-225 230 
31-224 590 
31-226 110 
31-224 140 
31-225 274 
31-225 137 
31-224 845 
31-225 140 
31-224 301 
31-224 422 



31-224 348 
31-223 750 
31-224 100 
31-224 178 
31-223 383 
31-223 205 
31-223 348 
31-224 499 
31-225 261 
31-223 392 
31-223 261 
31-225 100 
31-224 562 
31-222 178 
31-223 806 
31-614 654 
31-614 653 
31-614 655 
31-239 053 
31-239 052 
31-239 051 
31-239 050 
31-239 059 



R98, 102, 105 

106 

R105 

R6 

R77 

R3 

R18,43 

R21,48 

R52 

R57 

R62 

R24 

R5,R78,25,78 

101, 104 

R8 

R67,R73 

R79,R99 

R85 

Ql 

Q2 

Q3,Q4 

01-19,23,25- 

29,32-37,41,42,46, 

51-53 

022 

030,031 

038, 055 

040,054 

043,45,49 

044,50 

047 

048 

JPR 

JPR2 

JPR4 

JPR5(A-B) 

JPR6 

JPR9 

JPRIO 
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Varian 
Part No. 



Schematic 
Reference 



Description 



Varian 
Part No. 



Schematic 
Reference 



Description 



Varian 
Part No. 



16-229 857 

62-600 365 

62-600 351 

62-600 373 
62-600 406 

62-600 260 
62-600 303 
62-600 367 
62-600 359 
62-600 356 
62-600 310 
62-600 350 
62-600 012 
62-600 355 
62-600 271 
62-600 362 
62-600 300 

62-600 013 
66-481 592 
62-600 219 
62-600 235 
62-600 190 
62-600 204 
78-199 966 
62-600 203 
62-600 091 
66-300 938 
66-981 101 
66-304 742 
66-304 735 
66-304 148 
32-301 510 
32-301 410 
32-301 247 
32-301 551 

32-301 456 

32-301 351 
32-301 515 
32-301 210 



R103 

R107,R121 

R87 

R89 

R129 

R15,R40 

RIO, 110 

R14 

R17 

R30 

R44, 135 

R45 

R46,83 

R96 

R31 

R42 

R47 

R49,R136 

R22,50 

R51 

R54 

R56 

R59 

R60 

R61,68,91 

R7, 64, 108, 112 

R65 

R66 

R72 

R74 

R80,82 

R90 

R92 

Ry5 

R130 

R113 

R88 

R81 

R70 

R71 

R109 

R53 

R58 

R63 

R69 

R75,R76 



Res., F.C., 8.2 K, 1/4 W, 5% 
Res., F.C., 470^, 1/4 W, 5% 
Res, F.C., 200^, 1/4 W, 5% 
Res. F.C., 560^, 1/4 W, 5% 
Res. F.C., 220^, l/4 W, 5% 
Res. F.C., 39 K, 1/4 W, 5% 
Res. MF, 2 K, l/4 W, 1% 
Res. MF, 453^, 1/4 W, 1% 
Res. MF, 6c98K, l/4 W, 1% 
Res. MF, 4.42 K, l/4 W, 1% 
Res. MC, 200^, l/4 W, 1% 
Res. MC, 16.2 K, l/4 W, 1% 
Res. MC, 28 K, l/4 W, 1% 
Res. MC, 5.9K, l/4 W, 1% 
Res. MC, 110 K, 1/4 W, 1% 
Res. MC, 1.4 K, 1/4 W, 1% 
Res. MC, 27.4 K, l/4 W, 1% 
Res. MC, 13. 7 K, l/4 W, 1% 
Res. MC, 8.45 K, l/4 W, 1% 
Res. MC, 14 K, l/4 W, 1% 
Res. MC, 3.01 K, 1/4 W, 1% 
Res. MC, 4.22 K, l/4 W, 1% 
Res. MC, 1.47 K, 1/4 W, 1% 
Res. MC, 2.15 K, l/4 W, 1% 
Res. MC, 3.48 K, 1/4 W, 1% 
Res. MC, 750^, l/4 W, 1% 
Res. MC, 1 K, 1/4 W, 1% 
Res. MC, 1.78K, l/4 W, 1% 
Res. MC, 383 j^, l/4 W, 1% 
Res. MC, 205^, l/4 W, 1% 
Res. MC, 348^, l/4 W, 1% 
Res. MC, 4.99 K, 1/4 W, 1% 
Res. MC, 26. IK, l/4 W, 1% 
Res. MC, 39.2 ^ , l/4 W, 1% 
Res. MC, 261^, l/4 W, 1% 
Res. MC, 10 K, l/4 W, 1% 
Res. MC, 5.62 K, l/4 W, 1% 
Res. MC, 17.8 ^ , 1/4 W, 1% 
Res. MF, 506^, l/4 W, 1% 
Res. MF, 562^, 1/2 W, 1% 
Res. MF, 909^, 1/2 W, 1% 
Res. MF, 490 ,^ , l/2 W, 1% 
Res. MF, 32 K, . 10% 
Res. MF, 16 K, . 10% 
Res. MF, 8K, .01% 
Res. MF, 4 K, . 10% 
Res. MF, 2 K, . 10% 



32-301 482 
32-301 347 
32-301 320 
32-301 356 
32-301 322 
32-301 539 
31-224 200 
31-223 453 
31-224 698 
31-224 442 
31-223 200 
31-225 162 
31-225 230 
31-224 590 
31-226 110 
31-224 140 
31-225 274 
31-225 137 
31-224 845 
31-225 140 
31-224 301 
31-224 422 
31-224 147 
31-224 215 
31-224 348 
31-223 750 
31-224 100 
31-224 178 
31-223 383 
31-223 205 
31-223 348 
31-224 499 
31-225 261 
31-223 392 
31-223 261 
31-225 100 
31-224 562 
31-222 178 
31-223 806 
31-614 654 
31-614 653 
31r614 655 
31-239 053 
31-239 052 
31-239 051 
31-239 050 
31-239 059 



R98,102,105 

106 

R105 

R6 

R77 

R3 

R18,43 

R21,48 

R52 

R57 

R62 

R24 

R5,R78,25,78 

101, 104 

R8 

R67,R73 

R79,R99 

R85 

Ql 

Q2 

Q3,Q4 

CI- 19, 23,25- 

29,32-37,41,42,46, 

51-53 

C22 

C30,C31 

C38,C55 

C40,C54 

043,45,49 

044,50 

047 

048 

JPR 

JPR2 

JPR4 

JPR5(A-B) 

JPR6 

JPR9 

JPRIO 



Res. 
Res, 
Res. 
Res. 
Res. 
Res. 
Res. 
Res. 
Res. 
Res. 
Res. 



MF, 
MF, 
MF, 
MF, 
MF, 
MF, 
MF, 
MF, 
MF, 
MF, 
MF, 



50 K, 1% 
50 K, 1% 
10.5 K, 1% 
2 K, 1% 
10 K, 1% 
128 K, . 1% 
64 K, .1% 
6. 81 K, . 1% 
3.48 K, .1% 
1. 74 K, . 1% 
32 K, . 1% 



Res. VAR, W.W, IK 
Res. VAR. W.W., 50^ 
Res. VAR. W.W., 200^ 
Res. VAR. W.W., 50 K 
Res, VAR. W.W., 20 K 
Transistor, 2N3906 
Transistor, 2N3904 
Transistor, Fet, U1897E 



Cap. Cer, 1 p,f, 200 V, 10% 
Cap. Cer, 1000 pf, 100 V, 5% 
Cap. Mylar, .005p;f, 100 V, 1/2% 
Cap. Cer, 5 pf, 500 V, 10% 
Cap. Cer, 20 pf, 500 V, 5% 
Cap. Elect, 100 ,j|, 25 V 
Cap. Elect, 25 pf, 25 V 
Cap. Cer, 130 pf, 500 V, 5% 
Cap. Cer, .1^, 25 V, 20% 
Wire, Bus, Bare #24 AWG 
Wire, Bus, Bare #24 AWG 
Wire, Insul. Blk #24 AWG 
Wire, Bus, Bare #24 AWG 
Wire, Insul, Red #24 AWG 
Wire, Bus, Bare #24 Av\^G 
Wire, Bus, Bare #24 AWG 



31-239 058 
31-239 058 
31-239 057 
31-239 031 
31-239 033 
31-613 344 
31-613 343 
31-613 342 
31-613 345 
31-613 346 
31-613 348 

37-577 311 
37-577 308 
37-577 310 
37-577 315 
37-577 314 
62-903 906 
62-903 904 
62-798 125 



41-228 009 
41-159 599 
41-718 754 
41-159 505 
41-159 573 
41-506 258 
41-506 255 
41-159 566 
41-206 993 
81-099 924 
81-099 924 
81-293 700 
81-099 924 
81-293 702 
81-099 924 
81-099 924 
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1. INTRODUCTION 



lol GENERAL 

The Digital-to-Analog Converter (DAC) Module is a hardware option that interfaces 
Varian 620 and V73 series computers with external devices which require analog volt- 
age as their inputs. DAC models are available to provide 10-bit, 12-bit, or 14-bit 
digital-to-analog resolution. A DAC module includes three functional features: 

• One or two Digital-to-Analog (D/A) Converters, which convert digital 
data from the computer into equivalent analog voltage output signals. 

• External Control (EXC) Interface Logic, which allows a computer 
program to control external devices via logic- signal output lines. 

• Sense (SEN) Interface Logic, which allows a computer program to 
test the status of external devices by sampling logic levels present on 
Sense input lines. 

The DAC's output capability may be expanded through the addition of Digital-to-Analog 
Converter Expansion (DACE) modules. Each DACE module provides two digital-to- 
analog converters. Up to three DACEs can be attached to each DAC. As many as eight 
DACs with 24 DACE modules can be attached to a single computer to provide the follow- 
ing I/O capability: 

64 Analog Outputs Each module (DAC and DACE) contains two 

digital -to -analog converters. 

64 External Control Each DAC contains eight External Control 

Outputs output lines. 

64 Sense Inputs Each DAC contains eight Sense input lines. 



1-1 



Simple installation procedures allow the EAC to be installed either at the factory or on- 
site at the user's facility, A comprehensive software test package is provided with the 
DAC for post-installation checkout of its operational statuso In addition, the module is 
fully supported by standard Varian software and input/output options » 

1.2 FUNCTIONAL DESCRIPTION 

All elements needed to perform the module's three basic functions are packaged on a 
single plug-in printed circuit board. Figure 1-1 illustrates the functional elements 
included in a DAC module. A DACE contains only those elements shown in the shaded 
portion of Figure 1-1. Although the figure shows a DAC module which includes two 
digital-to-analog converters, some models of the DAC contain only one converter » 

Device Address 

The computer program must select a DAC by its device address before the module can 

perform any operation. There are eight device addresses (50 to 57 ) reserved for 

8 8 

use by DACs. One DAC and three DACEs can be located at a device address; the DAC 
serves as the master module and contains the device address decode logic for the DACEs, 
which function as slaves to the DAC but provide the same basic conversion capability. 

DAC Select 

An individual D/A converter is selected by the computer program, using an Extended 
EXC (EXC2) instruction. There are eight DAC select lines at each device address; each 
line is enabled by the corresponding EXC2 instruction. 

The master DAC module contains the DAC select logic for DACEs located at that device 
address. Once selectedj a DAC remains selected until a different DAC at the same 
address is selected, until SYSTEM CLEAK occurs, or until power is interrupted. 
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Figure 1-1. DAC Block Diagram 
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Buffer Enable Logic 

The buffer enable logic is responsible for coordinating the transfer of data into the DAC 
buffer registers. If data transfer is unde^r direct program control, the buffer enable 
logic exchanges data transfer control signals with the computer. When data transfer 
is under control of the Buffer Interlace Controller (BIC), special logic interfaces with 
the BICo 

Conversion 



Digital data transmitted by the computer is gated into the addressed DAC's buffer 
register; the buffer data is immediately (;on verted into a voltage signal by the D/A 
converter. 

The converter output consists of a sequence of voltage levels which correspond to num- 
bers transmitted by the computer. If the voltage changes are small enough, the con- 
verter output appears to the external device as an analog voltage curve rather than step 
value changes, as illustrated in Figure 1-2. 




TIME 



Figure 1-2. Analog Simulation by DAC Output 

External Control (EXC) Interface 

External Control Signals, which are generated by the computer to control operations in 
external devices, are distributed to the external devices via eight EXC output lines. 
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The DAC module's EXC interface logic selects one of the eight output lines according 
to the contents of the function code received from the computer. The master DAC 
contains all EXC interface logic for that device address o 

Sense Interface 

The DAC's Sense interface logic selects one of eight sense input lines according to 
the contents of the function code received from the computer. The logic level present 
on the selected line is gated to the computer. The master DAC contains all Sense 
interface logic for that device address. 
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PROGRAMMING 



2ol INTRODUCTION 

This section describes Assembly Language programming techniques for operating the 
DAC module and presents instructions for using the DAC software test package for 
module checkout. In addition, this section describes the usage of two special driver 
programs which are supplied with the DAC. More detailed programming information 
may be found in the 620 series or V73 system handbooks, 

A program directs DAC operation in three ways: 

• Transfers data to the digital-to-analog converters. 

• Distributes signals to External Control lines. 

• Checks Sense input lines. 

There are three basic factors to consider when writing a computer program to drive 
a DAC: data, timing, and hardware. Section 2.2 defines the restrictions placed on 
the numerical data which is generated by the computer program as input to the DAC. 
Section 2.3 discusses timing, which must be controlled by the program as it provides 
digital inputs for the DAC to generate real-time voltage output. Section 4 discusses 
the hardware capabilities of External Control and Sense lines, which should be evalu- 
ated by the programmer before setting up a permanent system. 

2.2 INPUT DATA 

The programmer may find it a useful precaution to check all DAC input data for numer- 
ical limits before it is transferred to the module. Table 2-1 provides the scale factor 
(F) which relates digital input (M) to the DAC with voltage output (V) from the DAC. 

M to M are the maximum positive and negative numbers that will be converted 

+ — 

properly. 
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If an attempt is made to convert numberis outside the range M to M_ given in Table 
2-1, the output voltage will be in error ssince the DAC assumes right- adjusted numbers 
with a high-order sign bit. For example;, consider an attempt to convert +2048 to a 
voltage with a 12-bit DAC, In 2's complement binary +2048 is represented by. 

2° 

' ^ ' ' ' ^ ^ 



2^5 2^4 



2" 2l« 



























'iJiJL 















0" ]~o "T Q 



Sign Bit 



Ignored by 
12-Bit DAC 



AA" 



Used by 12-Bit DAC as 
input to DA converter 



Since a 12-bit DAC determines the output voltage magnitude from the 11 rightmost bits 
(2 to 2 ), 2048 would be r<iad as 0. 



Table 2-1. Numerical Properties of 10, 12, and 14 Bit DAC s 



Number 

of DAC 

Bits 



10 
12 

14 



Scale 

Factor 

(F) 



1/512 

1/2048 

1/8192 



Volts 



V = FM 
Where 



9.980 
9.995 
9.990 



V 

M 
F 

\ 
V_ 



+ 



M 



Decimal 



Octal 



511 

204 7 
8191 



777 

3777 

17777 



V_ 
Volts 



-10.000 
-10.000 
-10.000 



M 



Decimal 



Voltage Signal at DAC 

Digital Input to DAC 

Scale Factor 

Maximum Positive Voltage 

Maximum Negative Voltage 

Maximum Positive Digital Number 

Maximum Negative Digital Number 



-512 
-2048 
-8192 



Octal 



177000 
174000 
160000 



2 . 3 DATA TRANSFER UNDER PROGRAM CONTRO L 

The essential programming instructions for transferring data to a DAC are shown in 
Table 2-2. The instructions are given in the form of a block of code from a typical 
program. 
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An individual D/A converter is selected for a data transfer operation by means of an 
EXC2 instruction. For example, an instruction with the format EXC2 XYY selects 
converter number X at device address YY. Table 2-3 shows the converter number 
assignments for a device address. After a converter is selected, data is transferred to 
it by means of an OAR, OBR, or OME instruction. 

Table 2-2. Instructions To Output Data Under Program Control 



Program Step 


Function 


ONE LDA J 


Load value of variable J into the computer 




A register. (LDB may be used instead c^f 




LDA.) 


TWO EXC2 XYY 


Select converter number X (0 to 7) at device 




address YY (50 to 57). 


THRE OAR OYY 


Output data from A register to module at 




address YY (50 to 57). (OBR would be used 




if LDB had been used. OME could also be 




used to output data. ) 


(Time Delay Code) 


(Timing data transfer to the DAC must allow 




for DAC settling time as discussed in Section 




2.3.) 


(Code To Generate Next Output Number) 


JMP ONE 





Table 2-3. D/A Converter Number Assignments 



Module 


D/A Converter Number 


DAC (master) 
DACE (first slave) 
DACE (second slave) 
DACE (third slave) 


0, 1 
2, 3 

4, 5 
6, 7 
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When an individual converter is selected at a particular device address, it remains 
selected until another EXC2 instruction selects a different converter at the same device 
address. For example, assume the following sequence of coding: 



EXC2 
EXC2 



EXC2 



053 



253 



252 



Select First Converter on First Module at 
Device Address 53. 



Select First Converter on Second Module at 
Device Address 53. This changes the selec 
tion specified by the previous EXC2 since 
both DACs are located at the same device 
address. 

Select First Converter on Second Module at 
Device Address 52, This has no effect on the 
previous EXC2 instructions since the DACs 
are located at different device addresses. 



Thus it is possible to select one D/A converter at each device address. The following 
example illustrates the selection and usage of converters at three different device 
addresses: 



EXC2 



EXC2 



EXC2 



050 



351 



453 



LDA 


VI 


LDB 


V2 


OAR 


050 



OBR 



051 



Select First Converter on First Module at 
Device Address 50, 

Select Second Converter on Second Module at 
Device Address 51, 

Select First Converter on Third Module at 
Device Address 53, 

Load Variable VI into Computer Register A, 

Load Variable V2 into Computer Register B. 

Output VI to selected DAC at Device Address 
50. 

Output V2 to selected DAC at Device Address 
51. 



2-4 



LDA V3 Load Variable V3 into Computer Register A. 

OAR 053 Output Variable V3 to Selected DAC at Device 

Address 53. 

Timing is an essential part of programming data transfers to a DAC. There are two 
types of timing to be considered: 

1. Settling-time delay, which is determined by the maximum rate at which 
a DAC can receive and accurately convert data, and 

2o Real-time delay, which is a function of the required real-time DAC 
output voltage signal. 

The maximum settling time for a DAC (when switching from minus full scale to plus 
full scale) is 20 microseconds. 

Under program control, one data transfer is possible in every four cycles (for example, 
every 3,0 microseconds on the 620/f-100 computer). If the DAC is to provide an ac- 
curate analog representation of the digital data, settling-time delay should be provided 
so that the interval between successive data transmissions to the DAC is greater than 
20 microseconds. 

Some examples of steps to provide time delay include: 

1, A number of NOP instructions for short delays. 

2, An indexed loop for longer delays, 

3. Use of a real time clock. 

4. Use of an external clock and sense lines. 

The following example illustrates the use of an indexed loop to provide a time delay: 

LDX IND Load Index Value into X Register. 

ONE DXR Decrement the Index, 
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JXZ TWO Jump Out to TWO when Index Equals Zero. 

JMP ONE Jump Back to ONE, 

Note that settling-time delay may not be the same as the real-time delay required to 
generate a real-time voltage signal. The following considerations affect real-time 
delay: 

1. If data is being transferred to more than one DAC, then provision must 
be made for the time required to execute instructions that transfer data 
to other DAC's in the cycle. 

2. Real-time delay should usually be greater than or equal to settling time 
delay. 

Fii^re 2-1 illustrates settling-time delsy and real-time delay for two voltage signals 
being generated simultaneously. Signal I is continuous, and requires the maximum 
data transmission rate; only settling-time separates these successive digital data inputs 
to DAC I. Signal II is a step function; it requires an initial signal at time zero and a 
reset signal after some real-time delay. The real-time delay in this example is com- 
puted using the cycle times of the program steps necessary for each data transfer. 
Lengthy real-time delays are more frequently controlled by an external clock, using 
a Sense line to initiate data transfers,. 

2. 4 PROGRAMMING EXAMPLE 



The following short program creates ramps via the A and B registers, and uses the X 
register to develop a time step duringj which the current contents of the A and B regis- 
ters are output to two D/A converters. 

ONE LDBI 01777 Load A and B Registers. 

LDAI 0177000 
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+ FULL SCALE 



DATA 
INPUT 



FULL SCALE 



+10V 





^ 




M sec 



I = DAC I 
II = DAC II 



VOLTAGE 
OUTPUT 




M sec 



T = TIME TO TRANSMIT ONEi NUMBER TO DAC (Msec.) 
/ = DESIRED MINIMUM DELAY BEFORE TRANSMITTING 

^ ANOTHER NUMBER TO THE SAME DAC. 
T = DESIRED TIME DELAY BETWEEN TRANSMITTING TWO 

^ NUMBERSTO GENERATE SIGNAL (11). 



Figure 2-1. Time Delays Required - 2 Voltage Signals/l Program 
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TWO 



TRE 



GO 



EXC2 


050 


OAR 


050 


EXC2 


150 


OAR 


050 


LDXI 


0100 


DXR 




JXZ 


GO 


JMP 


TRE 


lAR 




DBR 




JBZ 


ONE 


JMP 


TWO 



Load Contents of A Register into D/A 

Converters and 1 Device 
Address 50. 

Inititalize X Register. 

Decrement X Register. 

Branch Out if X Register is Zero. 

Return to X Register Decrement. 

Increment A Register. 

Decrement B Register. 

Return to ONE If B Register 

is Zero; otherwise Return to TWO 



2 . 5 DATA TRANSFER WITH BUFFER I NTERLACE CONTROLLER 

The Buffer Interlace Controller (BIC) is a hardware option which allows the user to 
transfer a block of data to or from a peripheral device using only one set of instruc- 
tions. The user loads the first and last memory address location for a data block into 
special registers in the BIC; the BIC then transfers the specified data block to (or from) 
the peripheral device. Since data is transferred to a DAC, only this direction of data 
flow is considered in this section. 

Once a program initiates the BIC data transfer, the BIC operates in parallel to the 
computer program, stealing cycles to read data from memory via direct memory 
access. The program can, therefore, proceed independently with other processing. 

Typically, the program instructions for initializing a BIC are coded as a separate 
subroutine. The applications program then calls this subroutine when BIC usage is 
required. Table 2-4 illustrates the coding of a BIC initialization subroutine and demon- 
strates the usage of the subroutine witliin an applications program. This example 
assumes the BIC is assigned device address 20, 21 octal; the sequence of operations 
is as follows: 
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BIC Subroutine - 

1. Sense that BIC is not busy, using a standard SEN 020 instruction. The BIC 
cannot be initialized while it is busy. If busy, loop until BIC completes its 
operation. 

2. Initialize the BIC, using a standard EXC 021 instruction. 

3. Store data block's initial and final addresses in the appropriate BIC address 
registers. 

4. Enable the BIC for connection to device which will initiate the data transfer. 
Applications Program - 

1. Call BIC subroutine. 

2. Check readiness of peripheral device that is to receive analog data from the DAC. 
Sense line M (0 to 7) at device address NN (50 to 57) is used to declare the de- 
vice's status. Loop if device is busy. 

3. Connect BIC to DAC, using an EXC instruction to initiate data transfer. An EXC 
OYY instruction, where YY is the DAC device address, is used to output data. 
An EXC lYY instruction is used to read gated input data. 

4. The data block transfer will be complete when the BIC is, again, "not busy. " 
The applications program may perform other processing and subsequently use 
SEN 020 and SEN 021 instructions to check for BIC-not-busy and BlC-abnormal- 
halt conditions. 

Note that the BIC initial and final register addresses may be any pair of octal numbers 
in the range 20 through 27. Ordinarily, in systems employing more than one BIC, 
addresses 20 and 21 are assigned to the first BIC's registers; 22 and 23, 24 and 25, 
and 26 and 27 are assigned to the second, third, and fourth pairs of registers, 
respectively. 
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Table 2-4. Example of Instructions To Output Data Under BIG Control 



Program Step 




BIG Subroutine - 






BIGS 


ENTR 





WAIT 


SEN 
NOP 
NOP 


020, GO 




JMP 


WAIT 


GO 


EXG 


021 




OME 


020, FIRST 




OME 


021, LAST 




EXG 


020 




RETU* 


BIGS 


Applications Program - 






GALL 


BIGS 


BUSY 


NOP 
NOP 






SEN 


MNN, BUSY 




EXG 


050 




• 






• 






• 





Function 



Go when BIG not busy. 



Initialize BIG. 

Set start address of memory block. 
Set end address of memory block. 
Enable BIG. 



Set up BIG. 



Loop if device busy. 
Gonnect BIG to DAG 



2.6 EXTERNAL GONTROL 

External Gontrol signals may be generated by a computer program to provide a variety 
of logic controls for external devices. 
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The user has eight External Control lines available at each master DAC module. The 
instruction that causes an External Control Signal is: 

EXC XYY 

where X (0 to 7) defines one of eight External Control lines at DAC device address YY 
(50 to 57). 

The signals are also made available to the backplane connectors so that they may be 
used to control certain portions of DAC logic when required by the use of an option 
such as the BIC. This use of External Control signals will depend on specific applica- 
tions of the DAC module. 

A program can set, but cannot reset, an External Control signal; reset is a function 
of external hardware. As determined by external interconnections, one External 
Control signal can reset another, other external electronic components can control 
reset, or the External Control signal can reset itself (pulse operation). Several meth- 
ods for resetting External Control output signals are discussed in this section. These 
methods illustrate how the program can use the EXC command to trigger sequences of 
operations that have been predetermined by system hardware interconnection. The 
wiring configurations for these methods are illustrated in Figures 2-2 through 2-7. In 
all cases, some external wiring is required; the external modifications for each method 
are shown to the right of the vertical dashed line in each figure. Section 4. 3 discusses 
the circuit logic for these reset types. 

Command Sequence Reset 

By connecting the EXC-N output of one latch to the REX-M of another latch, selecting 
the first will reset the second. This requires that the function codes in a series of 
EXC commands always follow the sequence prescribed by the latch interconnections. 
Figure 2-2 illustrates one configuration. In this example, the command sequence 
would progress from EXC-0 to EXC- 7. 
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For example, in the following sequence of instructions used with this configuration, 
one External Control line resets one other line. 



EXC 
EXC 
EXC 



050 EXC 750 is automatically reset, EXC 050 is set. 

150 EXC 150 is automatically reset, EXC 150 is set, 

250 EXC 150 is automatically reset, EXC 250 is set. 



TO REX-7 













. 


s 

R 




































S 
R 





















hCK; 



CH 



Of 



EXC-0 



REX-0 



EXC-1 



V REX-1 



EXC-2 



Figure 2-2. Command Sequence Reset Wiring 



Special Assignment Reset 



One latch can be assigned as the reset latch. An EXC command selecting that latch 
will then reset all other EXC latches. Figure 2-3 illustrates this configuration. The 
following sequence of program instructions used with this configuration functions as 
follows: 



EXC 



050 



Set EXC 050. 
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EXC 
EXC 
EXC 



150 Set EXC 150. 

250 Set EXC 250. 

750 EXC 050, EXC 150, and EXC 250 are automatically reset. 



♦— o 



R Q 




R Q 



^oc 



4— o 



R n 



RX 



<> REX-5 



< REX-6 



EXC-7 



Figure 2-3, Special Assignment Reset Wiring 



Fixed Delay Reset 



An EXC latch can reset itself, following a suitable delay provided by an RC, transmis- 
sion line, or other delay circuit. Figure 2-4 illustrates a typical latch circuit with an 
RC delay. An example of an instruction which can be used with such a configuration is 
as follows: 



EXC 



050 EXC is set for nn microseconds, then resets itself, (nn is 

determined by delay hardware added to the EXC output. ) 
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EXC-N 



+V 



-o R Q 



^>rr 



. j ^ X ^''^ 



REX-N 



Figure 2-4. Fixed Delay Reset Wiring 
Reset Returned By Receiving Device 

The reset signal can be returned by the receiving device as shown in Figure 2-5. In 
this case, the pulse width is determined by the cable length. This insures that the 
pulse width is great enough for proper reception, regardless of cable capacitance. 



RECEIVING 
DEVICE 




Figure 2-5. Reset Returned By Receiving Device 
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Automatic Reset 

Connecting a REX-N output to ground will cause the EXC~N output to reset as soon as 
the EXC input to the latch goes false. In the 620/L-lOO computer, this produces a 200 
nanosecond pulse. (The pulse duration will differ slightly for other computers.) Fig- 
ure 2-6 illustrates such a configuration. In this configuration, an EXC is set, and 
then reset after 200 nanoseconds. This is accomplished by making the EXC latch out- 
put follow the latch input, which is a 200 nanosecond pulse. Normally, the input pulse 
causes the EXC to be set "on", but the input pulse in no way influences resetting the 
EXC to "off". 



♦— o 



R Q 



^O^ 



■^ EXC-N 



REX-N 



^ 



Figure 2-6, Automatic Reset Wiring 



External Logic Reset 



In this case, the flip-flop is set by the program and reset by the external device. This 
is especially useful in passing data or control commands; the program sets the EXC 
flag to indicate that data is ready, and the external device resets it to acknowledge that 
it has received the data or that it is ready to accept additional data. The EXC output 
is connected to a Sense input as well as to the external device, so the program can 
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determine that the acknowledgement has been received. (See Figure 2-7.) The same 
scheme can, of course, be used for receipt of data by the computer. 



SEN 



L 



Or 



READY 



ACKN 



Figure 2-7. External Logic Reset Wiring 
External Control Usage With BIC 

Table 2-5 illustrates a program utilizing External Control Line 253 to connect the BIC 
to the DAC module located at device address 53. (Note that this would also require 
a jumper from EXC 253 to signal EPO-N, as discussed in Section 5.2). Statement 
FIVE connects the DAC at device address 53 to the BIC (assuming External Control line 
2 at device address 53 has been connected to EPO-N of the BIC enable logic). State- 
ment SIX resets EXC 253, then resets itiself after a short delay. Figure 2-8 shows the 
logic that would be needed by the program in Table 2-5. 

2. 7 SENSE LINES 



Sense lines allow the program to sense a signal from an external device, and branch 
depending on whether a Sense line is true or false. 

There are eight external sense lines associated with each DAC device address. The 
command which selects a Sense line is: 

SEN XYY 

X (0 to 7) defines a specific line at device address YY (50 to 57). 
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Table 2-5 illustrates three uses of the SEN statement. Statement TWO inhibits data 
transfer via the BIC until Sense line 4 at device address 50 is sensed 'false". The 
other two SEN statements are BIC system commands. (See 620 series or V73 system 
handbooks. ) 



OS Q 



r-0 



T 



R n 



EXC2 



=OH 



f 



to EPO-N 




REX-1 



Figure 2-8. External Control To Connect and Disconnect BIC 



2-17 



Table 2-5. Use of External Sense Logic 



Program Step 




Function 


WAIT 


SEN 
NOP 
NOP 


020, ONE 


Sense BIC not busy. 




JMP 


WAIT 




ONE 


EXC 


021 


Initialize BIC. 




OAR 


020 


Output start address to BIC register,. 




OBR 


021 


Output end address to BIC register. 




EXC 


020 


Enable BIC 


NOP 


NOP 
NOP 






TWO 


SEN 


450, NOP 


Start data transfer when Sense line 4 
at device address 50 is "false". Branch 
back if "true. " 


FIVE 


EXC 


253 


Connect BIC to DAC. 




SEN 


021, TEN 


Check for abnormal stop. 


SIX 


EXC 


153 


Reset EXC 253. 


2.8 DAC SOFTWARE DRIVERS 





Two driver programs are supplied to provide convenient access to digital-to-analog 
converters without detailed knowledge of hardware. These drivers may be used by 
themselves or embedded in an operating system. 

The drivers and their functions are: 

PDAC Provides prograinmed data transfers. 

DDAC Provides direct memory transfers. 
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These drivers assume standard device address assignments (50 to 57 ) for the DAC 
modules. Jl other device addresses are used for DAC's, the drivers must be reas- 
semibled. 

The drivers assume the following device address assignments for BICs: 

Address (Octal) Device 

020 - 021 BIC, No. 1 

022 - 023 BIC, No. 2 

024 - 025 BIC, No. 3 

026 - 027 BIC, No. 4 

Programmed Data Transfer 

The PDAC driver provides programmed data transfers to a selected DAC. A variable 
number of 16-bit words are transferred each time the driver is called. The time in- 
terval between data transfers is approximately 20 microseconds. 

PDAC is called with the following assembly language sequence: 

CALL PDAC, DACNR, NUM, SOURCE, EXIT 

All entries in the calling sequence are either direct or indirect addresses which point 
to the actual arguments. Multiple levels of indirect addresses are permitted. The 
arguments are defined as follows: 

DACNR - An integer value which specifies the D/A converter to 
which data is to be transferred. The range of DACNR must be between 
1 and 64, inclusive; otherwise control passes to EXIT. The DACNR 
arguments correspond to the actual device address codes as follows: 
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DACNR 

1 
2 
3 

9 

O 

9 
64 



Device Address 



050 
150 
250 

• 

051 

757 



NUM - An integer value which specifies the total number of 16-bit words 
to be transferred to the selected DAC. 

SOURCE - The values in the SOURCE vector represent the data which is to 
be transferred to the selected DAC. Care should be taken to insure that 
integer data does not exceed the limits of the DAC size. 

EXIT - The start address of the user's error routine. Control is trans- 
ferred to EXIT when illegal injout arguments are detected. 

Programmed Data Transfer Example 

The following example illustrates the use of PDAC. In this example, one word is 
transferred to DAC number 63 (device address 657 octal). 



WORD 



CALL PDAC, = 63, = 1, WORD, ERROR 



ERROR HLT 



DATA 10 





Error Exit 



Data Word to be Transferred 
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Direct Memory Data Transfer 

Two programs, DDAC and SDAC, are provided to utilize the BIC to transfer data 
directly from memory to a selected DAC without programmed intervention. DDAC 
and SDAC offer two advantages over PDAC: 

• Data transfer rates are not limited by software overhead. 

• The applications program is freed to work on other processes while 
the BIC supervises and controls the data transfer. 

Unlike other peripherals, DACs do not have built-in logic to determine when the next 
data item should be transferred to them. Therefore, external hardware must be pro- 
vided to indicate when data from memory is to be transferred to the DAC. This is 
accomplished by providing a Data Ready line at PI- 73 on the computer backplane. The 
data transfer timing is completely under the control of this external control line. 

In addition to this external signal, one of the eight EXC outputs on the master DAC 
module must be dedicated, and a jumper must be placed between Pl-101 and Pl-79. 
This provides a BIC connect function for the selected DAC. The DDAC driver uses 
the following EXC's for this function: 

DACNR E XC Used For BIC Connect 

1-8 EXC 050 

9-16 EXC 051 

17-24 EXC 052 

25-32 EXC 053 

33-40 EXC 054 

41-48 EXC 055 

49-56 EXC 056 

57-64 EXC 057 
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Jl-9 also must be grounded so that the Jlip-flop associated with EXC OXX is auto- 
matically reset. 

Direct memory data transfer to a DAC ]S accomplished by a two-step process. First 
DDAC is called to initiate the transfer end return control immediately. Then, SDAC 
is called at the user's convenience to determine when the transfer is complete. 

DDAC Driver 

The DDAC driver is called with the following assembly language sequence: 

CALL DDAC, BICNR, DACNR, NUM, SOURCE, EXIT 

All entries in the calling sequence are either direct or indirect addresses of the arg^i- 
ments. Multiple levels of indirect address are permitted. The arguments are defined 
as follows: 

BICNR - An integer value which specifies the BIC to be used for data trans- 
fer. The range of BICNR is from 1 to 4 corresponding to BIC device addresses 
20-2 lo through 26-27 . A value outside the legal range causes control to pass 

O o 

to EXIT. 

DACNR - An integer value which specifies the individual D/A converter to be 
selected. The range of DACNR must be between 1 and 64 inclusive; otherwise 
control passes to EXIT. (See ]^DAC driver for a description of DACNR and 
actual device address relationship. ) 

NUM - An integer value whicli specifies the total number of 16-bit words to 
be transferred to the selected DAC. 

SOURCE - The values in the SOURCE vector represent the data which is to 
be transferred to the selected DAC. Care should be taken to insure that inte- 
ger data does not exceed the limits of the DAC size. 
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E^gr - The start address of the user's error routine. Control is trans- 
ferred to EXIT when illegal input arguments are detected. 



SDAC Routine 



The SDAC routine checks the status of a previously-initiated direct memory data trans- 
fer. SDAC is called with the following assembly language sequence: 

CALL SDAC, STATUS 

The single entry in the calling sequence can be either a direct address or an indirect 
address which points to the actual argument. The argument is defined as follows: 

STATUS - This argument receives a value of 0, 1 or 2 to indicate the status 
of the transfer operation: 

Value Meanin g 

Operation not complete 

1 Operation complete; no errors 

2 Operation aborted 

Direct Memory Transfer Example 

The following example illustrates the use of DDAC and SDAC. In this example, a 
sequence of numbers (0, 1, 2, . . . 100) is transferred to D/A converter number 10 
(which is located at device address 0151). The transfer rate is determined by external 
hardware, and the transfer is performed by the BIC at device address 24 - 25 . The 
program steps are as follows: 



CALL DDAC, = 3, = 10, = 101, RAMP, ERR 
• (Concurrent Processing) 
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WAIT CALL SDAC, STATE Check Status. 

LDA STATE Test Status Word 

TA7WATT If Not Complete, Continue Wait. 

tr.t If Complete, Check for Normal Completion. 

j^2 . . . Normal Completion, Jump to Other Processing. 

JMP ERR Error. 
ERR HLT 

RAMP DATA 0, 1, 2, 3, 4, 5, 6, 7, », 9, 1^ 

DATA 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 

DATA 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 
2.9 TEST PROGRAMS 

A set of test programs Is provided for DAC checkout. The s. t consists of three pro- 
grams which may be selected through tho Maintain 11 Test Executive. The programs, 
numbered through 3, are as follows: 

Test No. Desc:ription 

Returns control to the Test Executive Program. 

-^ Tests External Control and Sense lines. 

2 Tests digital-to-analog converters. 

3 Tesi:s BIC interface. 

These programs may be selected in any order and may be run as often as desired. 
This allows DACs with different device codes to be tested. 

The minimum computer configuration on which the tests may be run is a 620 or V73 
series computer with 4 K of memory, a teletype terminal, and a DAC card. In add,- 
tion, a DAC test shoe (Part No. 03-950225) is required for running the tests. 

Rii pervisor Program 

A simple supervisor or test program selector is provided as part of the test package 
to allow the user to select individual t.=sts and return control to the Test Executive 
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Program. The Test Executive Program is a standard Varian software option which 
must be loaded and run prior to the initiation of the DAC test package. Instructions 
for operating this program are given in the Test Program Manual (Publication No. 
98A 9952-061). The DAC test package is loaded througli the Test Executive. 

When the Test Executive Program is running, the "L" command may be used to load 
the test package and transfer control to its supervisor. If the test package is already 
loaded, the "G500" command may be used to transfer control to the supervisor. 

When the supervisor is activated, it responds by issuing a carriage return/line feed 
and by starting to print a series of prompting messages. The user must enter a valid 
response to each message as it is printed. An invalid response causes the message 
to be repeated. The first message is: 

EXC, SENSE AND DAC TEST SUPERVISOR 
ENTER DAC DEVICE ADDRESS? 

The user must enter the DAC device address, which is an octal number between 050 
and 057, followed by a period. The supervisor will then print: 

ENTER BIC DEVICE ADDRESS? 

The user must enter any of the following assigned octal numbers: 020, 022, 024, or 
026 followed by a period. 

The DAC and BIC device addresses entered at this time will be used throughout the 
three tests, where applicable. To change device address selections, the supervisor 
must be reactivated from the Test Executive Program or run from location 500. After 
the device addresses have been entered, the supervisor will print: 

ENTER TEST NO. ? 
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The user should enter any number between and 3 followed by a period. The super- 
visor will then transfer control to the selected test program, which will identify itself 
and perform its specified functions. 

Test 1 should be used for each master DAC module to test the EXC and SENSE logic. 

Test 2 should be used for each D/A converter in the system. 

Test 3 should be used to check the BIC interface to the DAC's and should be exercised 
on each DAC that will be driven under BIC control. 

Sense Switche s 

During all DAC tests, the sense switche;: may be used to control the nrode of operation. 
The normal mode is followed when all switches are OFF; one or more switches may be 
set to control operation as follows: 

551 Sense switch 1 suppresses teletype printouts of test results 
and error messages. This function is useful to speed up 
the continuous execution of a test so that an oscilloscope 
may be used to monitor signals. 

552 Sense switch 2 causes a test to repeat indefinitely without 
user intervention. 

553 Sense switch o terminates execution of a test and returns 
control to the supervisor. If sense switch 3 is set when 
the supervisor requests a new test number, the following 
message will be printed: 

RESET SENSE SWITCH 3 
A new test may be selected after SS3 is reset. 
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Test 1 - External Control and Sense Test 

This test uses a special test shoe which must be plugged into Jl and J2 of the DAC 
card. The test checks all EXC and Sense lines on a given device address. The test 
shoe is designed to connect each EXC output to a Sense input and to reset another EXC 
according to the following table. 



EXC Output 


Sense Line 


EXC fteset 


OOXX 


07XX 


05XX 


03XX 


04XX 


OOXX 


04XX 


03XX 


03XX 


OIXX 


06XX 


04XX 


02XX 


05XX 


OIXX 


06XX 


02XX 


02XX 


07XX 


OIXX 


06XX 


05XX 


OOXX 


07XX 



Therefore, at each step in the table only one of the Sense lines should be true at a time. 
All Sense lines are polled after each step and errors are reported if detected and if 
sense switch 1 is reset. 

When the test program is activated, it will print: 

EXTERNAL CONTROL AND SENSE TEST 

If no errors occur during the execution of the test, the program returns control to the 
supervisor after printing the following message: 

TEST PASSED 

If errors occur during the test, one or more of the following messages will be printed: 

EXC OOXX OR SEN 07XX ERROR 
EXC 03XX OR SEN 04XX ERROR 
EXC 04XX OR SEN 03XX ERROR 
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EXC OIXX OR SEN 06XX ERROR 

EXC 02XX OR SEN 05XX ERROR 

EXC 06XX OR SEN 02XX ERROR 

EXC 07XX OR SEN OIXX ERROR 

EXC 05XX OR SEN OOXX ERROR 

If the first error occurs, the problem may be in the address decoder logic on the mas- 
ter DAC card. 

T est 2 - DAC Test 

Each DAC card has two digital-to-analog converters. For purposes of these tests the 
converters at a particular device are numbered as shov n in Table 2-3. 

The DAC test program provides for the checking of any of 64 DACs, one at a time. The 
test provides a full scale negative to full scale positive ramp in one count increments. 

Ten, twelve, and fourteen-bit DACs may be tested with this program. The following 
table shows the plus full scale and minus full scale values for each DAC size. 

Signal Rep Rate (Hz) 

139.3 
34.7 

8.7 

When the program is activated, it will print: 
DAC RAMP TEST 
ENTER DAC NO. ? 

The user must enter any number from to 7 followed by a period. The test program 
then requests the DAC size: 

ENTER NO. OF BITS? 



No. of Bits 


+Full Scale 


-Full Scale 


10 


511 


-512 


12 


2047 


-2048 


14 


8191 


-8192 
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The user must enter the appropriate DAC size, either 10, 12, or 14 followed by a 
period. 

The ramp will be continuously generated until sense switch 3 is set. No errors are 
generated by the test program. An oscilloscope may be used to monitor the voltage 
and check that the DAC functions properly. The DAC outputs are on J2-1 for even 
numbered DACs and J2-43 for odd numbered DACs. All other terminals on the J2 
connector are at analog ground. 

Test 3 - BIC Interface Test 

This test exercises the BIC interface by outputting data to the DAC under BIC control. 
A monotonically decreasing bipolar waveform consisting of eighteen data points is 
output to the DAC through the BIC. The waveform starts at full scale and decreases 
to zero. 

EXC on the DAC is used to connect the DAC controller to the BIC, To provide for 
this, Pl-101 must be wired to PI- 79. 

The BIC transfers a word of data to the DAC controller whenever the DEVICE READY 
line (Pl-73) goes low. To keep more than one word from being transferred, this sig- 
nal may go low for only one machine cycle. EXC 5 is used to control this function in 
conjunction with EXC 0. EXC 5 (Pl-87) is wired to DEVICE READY (Pl-73), EXC 
resets EXC 5 and causes the trap out. EXC 5 is given directly thereafter to inhibit 
further trap outs. 

EXC 5 is used in this fashion for test purposes only and the jumper from Pl-87 to 
PI- 73 should be removed after the testing is completed. 

When the test program is activated, it will print: 

DAC - BIC TEST 
ENTER DAC NO. ? 
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The user must enter the appropriate DAG number from to 7 followed by a period. 
The test program then requests the DAC size: 

ENTER NOo OF BITS 

The user must enter the appropriate DAC size, either 10, 12, or 14 followed by a 
period. 

The waveform will be continuously genei ated until sense switch 3 is set. No errors 
are generated by this program. 
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3. THEORY OF OPERATION 



3.1 DATA CONVERSION NETWORK 

The DAC output voltage is provided by an operational amplifier whose input is the sum 
of a set of scaled currents (see Figure 3-1). 



BINARY 

DIGIT 

LINES 




'total 



SCALED 

RESISTOR 

NETWORK 

AND 

SWITCHES 




n = n - 1 
I (22^") 
m = 



^ ► Vout 



^out ~ "'total ^ ^ 



Figure 3-1. Basic DAC Simplified Diagram 

The individual scaled currents are provided by current switches arranged in a ladder 
network. 

Each switch is controlled by a different bit of the data word received from the compu- 
ter. A relative -high output from the data buffer register in a bit position turns the 
corresponding switch on, adding its weighted current to the total current. A relative- 
low output turns the switch off so that it contributes no current to the sum. 

3.2 DAC SWITCHES 

Figure 3-2 represents a single DAC switch; the reference designators are arbitrary and 
do not apply to any actual assemblies. Refer to Appendix C for detailed schematics of 
the DAC switches. 
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When a data bit out of the buffer register is relative-high (approximately +4 Vdc), 
current steering diode CRl is reverse biased. This directs current flowing through 
precision resistor Rl to the virtual ground summing junction. When a data bit out of 
the buffer register is a relative-low (approximately +0. 5 Vdc), CRl is forward biased 
and current from Rl flows through CRl to the -15 Vdc sink; no current flows to the 
summing junction. The voltage levels present at the cathode of CRl are approximately 
+1 Vdc when the data bit is high and approximately -1 Vdc when the data bit is low. 

The value of precision resistor Rl determines the curront through the switch and, con- 
sequently, the amount of current that switch adds to the summing junction. The pre- 
cision resistor for each switch is scaled to provide an amount of current corresponding 
to the weighted value of the bit position controlling that switch. 

CR2 and CR3 are matched diodes that, together, cancel the effect of temperature varia- 
tions on the voltage drop across the switch. 



-15 VDC 

SUPPLY 

Q 



+15 VDC 

SUPPLY 
o 



-l 



LOW BIT =-1 V 
HIGH BIT = +1 V 



DATA BIT 



+10 VDC 
<? PRECISION 
REFERENCE 



<? -10 VDC 
PRECISION 
REFERENCE 




ONE DAC BIT 



Figure 3-2. Current Steering Switch 
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3.3 SWITCH LADDER 

A DAC may have any one of three resolutions: 10, 12, or 14 bits. The switch ladder 
schematic shown in Appendix C represents a DAC with 14-tait resolution. The current 
switches are arranged in a ladder network. 

The amount of current added to the summing junction by a switch is directly propor- 
tional to the relative significance of the bit controlling that switch. The least signifi- 
cant bit controls the switch that supplies the least amount of current. The most 
significant data bit controls the second-most significant switch, with the sign bit 
controlling the most significant switch. 

For DACs of 12- or 10-bit resolution, the two or four most significant switches are 
deleted. Since the sign bit must be preserved, a jumper connection at the buffer regis- 
ter input directs that bit to the most significant switch regardless of the DACs resolu- 
tion. 

The three most significant switches on 14-bit DACs include calibration resistors. The 
values of these resistors are set during final assembly according to the results of a 
computer calibration program. Although field calibration is not normally required, 
these resistors may be adjusted to assure specified accuracy for these switches. 

An attenuating resistor network, in series with the six least significant switches, allows 
the use of smaller values than would otherwise be required for these positions. 

3 . 4 POWER SUPPLIES AND REFERENCE VOLTAGES 

Two regulated power supplies, +15 Vdc and -15 Vdc, are provided by circuits located 
on a power supply module. 

The +10 Vdc and -10 Vdc precision references are provided by voltage supplies con- 
tained on the DAC module. If two converters occupy the same module, they share the 
same reference voltages. 
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Output of the minus reference, as measured at its test point, is within the range +8. 5 
Vdc to +9. 5 Vdc. This output is stable to within +0. 1 mV. Coarse and fine adjust- 
ments set the amount of constant offset current provided to the summing junction from 
the minus reference. With all switches open, this offset current is provided entirely 
by the output amplifier feedback loop, and the amplifier output voltage is at + full scale. 

Output of the plus reference source is +10 Vdc +0.1 mV. The feedback resistance of 
this circuit may be calibrated with both coarse and fine adjustment. 

3,5 OUTPUT AMPLIFIER 

The output amplifier converts the switch current sum to an inverted voltage output with 
a gain of one. Resistance values of the amplifier's feedback loop, the minus reference 
load and the sign bit switch are nominally equal. 

When all current switches are open, output of the amplifier is plus full scale (approxi- 
mately +10 Vdc) and full current flows from the amplifier output through the feedback 
loop to the minus reference. When all current switches are closed, amplifier output 
is at minus full scale (-10 Vdc) and.full current flows from the summing junction 
through the feedback loop to the amplifier output. The crossover point (0 Vdc) is pro- 
duced when the sign bit switch is open a:ad all others are closed. All currents leaving 
the bit switches sum together and flow lito the minus reference; no current flows 
through the output amplifier and feedback joop. 

Tables 3-1 through 3-3 compare switch settings with the corresj)onding amplifier out- 
put voltage levels for various digital numbers received from the computer. Output 
voltage levels for other numerical values m the allowed range can be derived by 
application of one of the following equations: 



14-bit DAC 



V \ w N(1.2mV) 
out 



)-4 



12-bit DAC 

10-bit DAC 

V « N(19.52mV) 

where N is the decimal value of the number received from the computer. 

For example, the decimal number -5250 would result in a voltage output from a 14-bit 
DAC of: 

^out ~ -5250 (1.2 mV) - -7.3 V 
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Table 3-1. 14-Bit DAC Output Scale 







COMPUTER OUTPUT AND SWITCH SETTINGS 

_, _ ~- . • • ; 1 1 1 1 — " ' 


ANALOG VALUE 


FB 
15 

sw 

13 


EB 
12 
SW 
12 


EB 
11 
SW 
11 


EB 
10 
SW 
10 


EB 

09 

SW 

9 


EB 

08 

SW 

8 


EB 

07 

SW 

7 


EB 

06 

SW 

6 


EB 

05 

SW 

5 


EB 

04 

SW 

4 


EB 

03 

SW 

3 


EB 

02 

SW 

2 


EB 
01 
SW 

1 


EB 

00 

SW 




RANGE 


DECIMAl 


OCTAL 


Voui 


+Fu II Scale-] 


+8191 


017777 


+9.999 





1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




















(1 























+Half Scale 


+4096 


010000 


+5.000 





1 












































1 


i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


+ 1 LSB 


+ \ 


01 


+0.0012 









































1 





1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 






























































1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


- LSB 


- 1 


17777.7 


0.0012 


1 


1 


1 


1 


1 


1 


i 


1 


1 


1 


1 


1 


1 




1 

0- 





































-Half Scale 


-4096 


170000 


-5.000 




1 











































1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


-f-ul 1 Scale-f-1 


-8191 


;160001 


9-999 








































1 




1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 





-Ful 1 Scale 


-8192 


160000 


-10.000 











































1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


NOTE 
The data contents of all the E bus lines are inverted once, except for the 
sign bit, which is inverted twice. This means a true level on an E bus data 
line (0 vdc) opens its switch, which tends to make the amplifier output more 
positive. 
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Table 3-2. 12-Bit DAC Output Scale 



COMPUTER OUTPUT AND SWITCH SETTINGS 



RANGE 



+Ful I Scale 1 



Half Scale 



ANALOG VALUE 



DECIMAL 



+ 2047 



+ 1024 



OCTAL 



3777 



2000 



Vout 



+ 9.995 



+ 5.000 



EB 

15 
SW 

n_ 



_1 





EB 
10 
SW 

20 
1 



EB 
09 
SW 
__9_ 
1 



EB 
08 
SW 
__8 
1 



EB 
07 
SW 

_Z 
1 



EB 
06 
SW 
_6 
1 



EB 
05 
SW 
__5 
1 



EB 
04 
SW 
_4 
1 



EB 
03 

SW 

_2 
1 



EB 

02 

SW 

1_ 

1 



EB 
01 
SW 

_1 
1 



EB 
00 
SW 

0_ 

1 



+ 1 LSB 



+ 0.005 



-1 LSB 



177777 



0.005 



-Half Scale -1024 176000 - 5.000 



+Full Scale +1 -2047 174001 - 9.995 



-Ful I Scale 



-2048 



174000 



-10.000 



iLL 
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Table 3-3. 10-Bit DAC Output Scale 



COMPUTER 


OUTPUT AND SWITCH SETTINGS 


ANALOG VALUE 




EB 

1 : - 

SW 

9 


EB 

08 

SW 
8 


EB 

07 

SW 

7 


EB 

06 

SW 

6 


EB 

05 
5W 

5 


EB 

04 

SW 
4 


EB 

03 

SW 

3 


EB 
02 
SW 

1 


EB 

01 
SW 

1 


EB 

; 

^:W 





RANGE DECIiyiAL OCTAL Vout 


+ Ful 1 Scale -1 +511 777 + 9.980 







1 


1 


1 


1 


1 


1 


1 


1 


1 






































+Half Scale +256 400 + 5.000 







1 

































1 


1 


1 


1 


1 


J. 


1 


1 


j 




+1 LSB +1 1+0 020 































1 









1 


1 


1 


1 


1 


1 


1 


1 

















































1 


1 


1 


1 


1 


1 
1 


] 


1 


1 





■1 LSB - 1 177777 - 0.020 




1 


1 


1 


1 


1 


1 


1 


1 


1 


1 



































-Half Scale -256 177400 5.000 






1 

























1 









1 


1 


1 


1 


1 


1 


1 


1 


-Ful 1 Scale +1 -511 177001 - 9.980 






























1 






^ 


1 


1 


1 


1 


1 


1 


1 


1 







-Ful 1 Scale -512 177000 -10 000 





































1 


1 


1 


1 


1 


1 


_1_ 


1 


1 


1 
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4. I/O INTERFACE THEORY OF OPERATION 



The DAC Modules coordinate three types of communication between the computer and 
peripheral device: digital-to-analog data out, External Control signals out, and Sense 
signals in. The DAC logic responsible for providing these three interfaces is discussed 
in this section. 

All communication between the DAC and the computer is conducted on the computer 
I/O bus. In the following discussion, mnemonics used to identify E-bus signals include 
the suffix "I". Signals transferred between the DAC and the BIC are carried on the B- 
bus; mnemonics for these signals include the suffix "B". Refer to Varian 620 and V73 
system handbooks and Buffer Interlace Controller Manual for details regarding com- 
munication conducted via the computer I/O bus. 

The following discussions are keyed by letter designations to schematics and logic 
diagrams presented in Appendix C. 

4.1 PROGRAM-CONTROLLED DATA TRANSFER 

A data transfer operation, resulting in a digital-to-analog conversion, occurs in two 
stages. First, the individual DAC is selected; then a data word is sent to the DAC 
buffer register inputs and strobed into the selected register. 

DAC Selection Stage 

The selection stage begins when the computer enters the desired device address and 
function code on E bus lines EBOO-I through EB05-I and EB06-I through EB08-L An 
NAND gate on the addressed master DAC decodes the device address and generates a 
Device Select signal. This is combined with the control line pulse FRYX-I (Function 
Ready), The resulting signal Function Select combines with a true level on EB15-I to 
clock the contents of the function code into the EXC2 storage register. 
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The EXC2 Decode Logic selects one of eight output lines, EXC2-0 through EXC2-7, 
according to the contents of the function code. Each EXC2 line is connected via a wire 
wrap juniper in the backplane to the clock input gate of a different DAC buffer register. 
An active EXC2 line enables one of three inputs to the clock input gate in preparation 
for the data transfer stage of the operation. 

Data Transfer Stage 

The device address is again placed on the E bus. A true level on EB14-I identifies the 
operation as a data transfer out and, together with Function-Select, sets the data trans- 
fer out (DTOS) latch. Output of the DTOS latch enables the second input to the clock 
input gate. 

After the control pulse FRYX-I goes false, the computer removes the device address 
from the E bus and places a data word on lines EBOO-I through EB14-I, with a sign 
bit on EB15-I. This is followed by the control pulse DRYX-I. DRYX-I enables the 
clock input gate of the selected DAC buffer register, clocking the data into the register. 
DRYX-I also resets the DTOS latch. 

After DRYX-I goes false, the only true input to the clock input gate of the register is 
provided by the selected EXC2 line. This input remains true until a different EXC2 line 
at that device address is selected. Until that time, subsequent data transfer operations 
for that device address will be routed to 1;he same DAC, without requiring another EX:C2 
instruction. 

4. 2 BIC-CONTROLLER DATA TRAN SFER 

When a data transfer is under BIC control, a different set of DAC logic is involved. 

DAC Selection Stage 

The DAC selection stage is the same for a BIC -controlled data transfer as for a 
program-controlled data transfer; the data transfer stage, however, is not. 
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Data Transfer Stage 

The DAC module is selected by a special signal, EPO-N, which is made available 
through custom hardwire connections. One method for providing this signal is to 
jumper an EXC output to the EPO-N pin (Pl-79) and execute an EXC instruction selec- 
ting that line. All eight EXC signals are made available to the backplane by the DAC 
for this reason. 

The EPO-N pulse is combined with the BIC-generated signal DCEX-B. Together they 
set the DAC's Connected latch. When the ETC receives the output of the Connected 
latch, CDCX-B, indicating that the DAC has been connected, it resets DCEX-B. The 
Connected latch remains set, however, until the end of the data transfer. 

Output from the Connected latch is also returned to the BIC as TROX-B and TRQX-B. 
TROX-B identifies the direction of the data transfer (from the computer to the DAC) 
and TRQX-B is a request for data. 

TRQX-B will be true while the Connected latch is set if the signal Device Ready is 
true. Device Ready is a pulse that indicates that the DAC has had sufficient time to 
convert the last data word or that the external device can accept a new voltage signal 
from the DAC. 

Since Device Ready determines the rate at which data words are supplied to the DAC, 
the maximum frequency with which that signal occurs must be determined by the speed 
of the DAC or the external device. Settling times for DACs of different resolutions are 
given in the table of specifications. Device Ready may be provided in a number of ways, 
using external hardware. The choice of method will depend on the specific application. 
Suggested implementation is the application of the pulse output from the programmable 
timer contained on the ADC module or the use of a standard laboratory pulse generator. 

With Device Ready true and Transfer Enable false (data word has not yet been placed 
on the E-bus), TRQX-B is true. When the BIC receives TRQX-B, it causes the computer 
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to f>lace the data on the E-bus and responds to the DAC with TAKX-B, TAKX-B pro- 
duces Transfer Enable, which resets TRQX-B and enables the second input to the clock 
input gate of the selected DAC. Transfer Enable is the BIC equivalent to DTOS. 

After the computer places the data word on the E-bus, it generates DRYX-I. This 
control pulse enables the clock input gate of the DAC buffer register, clocking the data 
into the register. When Deivce Ready gcjes true again, TRQX-B will go true and an- 
other data word will be transferred. This sequence is repeated until the last word in 
the block has been transferred. At that i;ime, DESX-B from the BIC resets the con- 
nected latch, disconnecting the DAC. 

4. 3 EXTERNAL CONTROL DECODE 

Each master DAC module makes available eight EXC outputs. An output goes true 
(ground) when its flip-flop is set by the EXC decode logic. A function code, provided 
by the computer as a result of an EXC pi'ogram instruction, specifies which EXC out- 
put flip-flop is set. 

EXC output flip-flops are not reset by program instructions alone; they may be reset 
through a variety of hardware or hardwai-e/ software techniques. Some examples of 
methods for resetting EXC output flip-flops are discussed in Section 2.6. 

The EXC output driver is capable of pro\'iding signals at levels up to +30 volts, with 
current sinking of up to 300 mA (see Appendix B). 

4. 4 SENSE DECODE 



Every master DAC is capable of sampling, one at a time, up to eight Sense input lines 
and forwarding the logic level present on the selected line to the computer. A function 
code, provided by the computer as a result of a SEN program instruction, specifies 
which sense input is to be sampled. 
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Sense input signals are considered logically true when they are at Vdc and logically 
false at +4 Vdc. When sampled, a logically true input will cause a jump condition in 
the program,. The DAC provides a 5. 6 K pullup resistor to +5 volts on each Sense 
input. It is, therefore, not necessary to drive the Sense inputs high. The Sense inputs 
are normally connected to external logic (0 to +5 volts) or switch closures to ground. 

Note : Sensed signals should not be allowed to go negative with respect to DAC logic 
ground and should not be allowed to go more positive than the DAC +5 volts. 
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5. INSTALLATION 



5.1 PREREQUISITES 

Each DAC or DACE requires one card slot in either the mainframe or Memory 
Expansion/ Peripheral Controller frame. No special slots are reserved for use by 
DACs; their location in the frame is determined solely by considerations of convenience 
in backplane wiring. 

An Analog Power Supply Module (Part No. 620-88) must be installed when using one or 
more DAC or DACE moudles. If a Power Supply Module has been previously installed 
and sufficient current is available to support the DAC modules, an additional power 
supply need not be installed. 

5. 2 INSTALLATION AND INTERCONNECTION 



A DAC or DACE is installed vertically, with its component side to the installer's left 
in 620/i and 620/L computers, and horizontally in the 620/f computer. Figure 5-1 
illustrates a typical installation , 



CAUTION 



Do not install DAC modules in slots that have been pre- 
viously wired to provide power to other modules; if the 
intended slot is already wired, remove any connections 
to power before installing the PAC module to protect its 
components. Refer to Table 5-1 for proper power 
connection. 



The card is installed with the double pin edge pointing toward the installer. Proper 
orientation of the module is important since the cards are not keyed. 
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Connection to the computer l/O-bus and the BIG option B-bus is provided through 
backplane wiring. All pin assignments for the l/O-bus and B-bus are listed in Appendix 
A. 

For each DAC, connections to external instruments include one or two DAC outputs and 
may include up to eight External Control outputs and up to eight Sense inputs. Connec- 
tions between DAC and DACE modules may also be required (for example, EXC2 and 
DAC Enable outputs from a master DAC to digital-to-analog converters located on 
slave DACEs). Pin assignments for these connections are also listed in Appendix A. 
Recommended connector types for Jl and J2 are identified in the summary of key 
specifications in Appendix B. 



Computer or Expansion Chassis 



Analog Power Supply 

(rear ptanel of system cabine:) 
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Figure 5-1. Typical Module Installation 
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Power Supply Wiring 



Connections to the DAC must be made for three power supply voltages and senses, an 
analog ground, digital ground, and digital ground sense. Table 5-1 lists the pin assign- 
ments on the DAC wirewrap backplane for these connections. When the DAC is used 
with other modules (ADCMs, DACEs, MUXs, etc.), similar voltages should be tied 
together, and the voltage sense line should be brought from the mid-point of the volt- 
age tie-line to a voltage sense line on the power supply wirewrap backplane. 

The voltages, and sense points for the power supply backplane are given in the Power 
Supply Manual (Publication No. 03-996-812). 

Table 5-1. DAC Wirewrap Backplane Pin Connections for 

Power Supply 



Power Supply Voltage 



Digital Ground 
+5 Vdc 
+15 Vdc 
-15 Vdc 
Analog Ground 



DAC Pins 



Pl-1, 48, 100, 122 

P1--118, 121 

Pl-111 

Pl-113 

Pl-115 



Device Address Wiring 

Table 5-2 lists the jumper connections required to wire a device address for a master 
DAC. Note that Pl-76 (Enable) is not normally used. It is available, however, and 
may be used as an additional addressing condition. For example, if multiple master 
DAC modules have the same device address, the Enable input can be used to permit 
only one module to respond to that address at a given time. 
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Table 5-2. Device Address Wiring 



Address 




050 


Pl-72 to Pl-71 


051 


Pl-72 to Pl-71 


052 


Pl-72 to Pl-71 


053 


Pl-72 to Pl-71 


054 


Pl-72 to Pl-70 


055 


Pl-72 to Pl-70 


056 


Pl-72 to Pl-70 


057 


Pl-72 to Pl-70 



Wirewrap Jumpers 


Pl-69 to Pl-68 


Pl-66 to Pl-65 


Pl-69 to Pl-68 


Pl-66 to Pl-64 


Pl-69 to Pl-67 


Pl-66 to Pl-65 


Pl-69 to Pl-67 


Pl-66 to Pl-64 


Pl-69 to Pl-68 


Pl-66 to Pl-65 


Pl-69 to Pl-68 


Pl-66 to Pl-64 


Pl-69 to Pl-67 


Pl-66 to Pl-65 


Pl-69 to Pl-67 


Pl-66 to Pl-64 



EXC2 Output Wiring (DAC Select) 

Table 5-3 lists the jumper connections required to wire the eight EXC2 outputs to select 
individual converters on the DAC and DACEs. 

Table 5-3. DAC Select Connections 



EXC2 Output 


Master (DAC 1) Pin 




Pin 




DAC Card 





Pl-110 


to 


Pl-77 


of 


1 


1 


Pl-112 


to 


Pl-78 


of 


1 


2 


Pl-114 


to 


Pl-77 


of 


2 


3 


Pl-103 


to 


Pl-78 


of 


2 


4 


Pl-104 


to 


Pl-77 


of 


3 


5 


Pl-105 


to 


Pl-78 


of 


3 


6 


Pl-106 


to 


Pl-77 


of 


4 


7 


Pl-107 


to 


Pl-78 


of 


4 


External Control Re 


set Wiring 











Provision must be made for resetting External Control outputs. Basic information on 
techniques for resetting the outputs is pi^esented in Section 2. 6. One possible config- 
uration is illustrated in Table 5-4; this configuration converts the eight EXC flags to 
four RS flip-flops with both set and rese!; driven by the program. 
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Table 5-4„ External Control Reset Wiring 



Signals 


Master DAC 


Master DAC 


EXCl/REXO 


Jl-6 


Jl-5 


EXC3/REX2 


Jl-12 


Jl-11 


EXC5/REX4 


Jl-18 


Jl-17 


EXC7/REX6 


Jl-24 


Jl-23 



Device Ready and EPO-N Wiring 

DACs used in conjunction with the BIC option require that two special signals be pro- 
vided to the master DAC. One, called Device Ready, synchronizes data transfer with 
the DAC or external device operation; it is applied to Pl-73 of the master DAC. The 
other, called EPO-N, selects the DAC for connection to the BIC; it is applied to PI- 79 
of the master DAC. If a BIC is not used Pl-79 should be grounded. Further discussion 
of this wiring can be found in Section 4,2 of this manual, 

5.3 INSTALLATION EXAMPLE 

A typical single DAC module could be installed with the following wiring: 

Device Address 050 

Pl-71 wired to Pl-72 
Pl-68 wired to Pl-69 
Pl-65 wired to Pl-66 

DAC Select Connections 

Pl-110 wired to Pl-77 
Pl-112 wired to Pl-78 

BIC Control 

Pl-79 wired to Pl-101 
Pl-73 wired to Pl-87 

Note: If a BIC is not used, Pl-79 should be grounded. 
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Note that appropriate EXC Reset wiring would also be configuredo See Sections 2, 6 
and 5o2 for further details. In addition, analog power supply wiring would be required, 
as described in Section 5.2. 
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APPENDIX A: DAC PIN ASSIGNMENTS 



BACKPLANE WIRING 



PIN NO. 


NAME 


Pl-1 


Digital ground 


-2 


EBOO 


-3 


Digital ground 


-4 


EBOl 


-5 


Digital ground 


-6 


EB02 


-7 


Digital ground 


-8 


EB03 


-9 


Digital ground 


-10 


EB04 


-11 


EB05 


-12 


EB06 


-13 


EB07 


-14 


EB08 


-15 


EB09 


-16 


EBIO 


-17 


EBll 


-18 


EB12 


-19 


EB13 


-20 


EB14 


-21 


EB15 


-22 


Digital ground 


-23 


Not used 


-24 


Digital ground 


-25 


Not used 


-26 


Digital ground 


-27 


FRYX 


-28 


Digital line 


-29 


DRYX 


-30 


Digital ground 


-31 


SERX 


-32 


Digital ground 


-33 


Not used 



FUNCTION 

One bit of Device Address or data word 

One bit of Device Address or data word 

One bit of Device Address or data word 

One bit of Device Address or data word 

One bit of Device Address or data word 

One bit of Device Address or data word 

One bit of EXC, EXC2 or SEN code or 

data word 

One bit of EXC, EXC2 or SEN code or 

data word 

One bit of EXC, EXC2 or SEN code or 

data word 

One bit of data word 

One bit of data word 

EXC tag line or one bit of data word 

Sense tag line or one bit of data word 

One bit of data word 

Data tag line or one bit of data word 

EXC2 tag line or one bit of data word 



Device Address tag line 
Gates data into buffer register 
Sense input to computer 
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PIN NO. 


NAME 


Pl-34 


Digital ground 


-35 


Not used 


-36 


Digital ground 


-37 


Not Used 


-38 


Digital ground 


-39 


Not used 


-40 


Digital ground 


-41 


Not used 


-42 


Not used 


-43 


SYRT 


-44 


lUAX 


-45 


Not used 


-46 


Not used 


-47 


Not used 


-48 


Digital ground 


-49 


TRQZ 


-50 


TROX 


-51 


Digital ground 


-52 


Not used 


-53 


Digital ground 


-54 


CDCX 


-55 


Digital ground 


-56 


DCEX 


-57 


Digital ground 


-58 


TAKX 


-59 


Digital ground 


-60 


DESX 


-61 


Not used 


-62 


Not used 


-63 


Not used 


-64 


EB00+ 


-65 


EBOO- 


-66 


EBOI 


-67 


EB01+ 


-68 


EBOl- 


-69 


EBII 



FUNCTION 



Resets system logic 

Interrupt acknowledge from computer 



Transfer Request from AOM to BIG 
Identifies direction of BlC-controUed 
data transfer 



Notifies BIG that AOM is connected 
Gonnect signal from BIG 
Transfer Request acknowledge from BIG 
Disconnect from BIG 



Jumper connection for wiring Device 

Address 

Jumper connection for wiring Device 

Address 

Jumper connection for wiring Device 

Address 

Jumper connection for wiring Device 

Address 

Jumper connection for wiring Device 

Address 

Jumper connection for wiring Device 

Address 
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PIN NOo 


NAME 


PI- 70 


EB02+ 


-71 


EB02- 


-72 


EB2I 


-73 


Device Ready 


-74 


Not used 


-75 


Not used 


-76 


Enable 


-77 


EXC2-N 


-78 


EXC2-M 


-79 


EPO-N 


-80 


Not used 


-81 


Not used 


-82 


Not used 


-83 


Not used 


-84 


Not used 


-85 


DTOS 


-86 


EXC7 



-87 



-91 

-92 
-93 

-94 



EXC5 



88 


Not used 


89 


Not used 


90 


EXC6 



EXC2 

Not used 
EXC3 

EXC4 



95 


Not used 


96 


Not used 


97 


Not used 


98 


EXCl 



FUNCTION 

Jumper connection for wiring Device 

Address 

Jumper connection for wiring Device 

Address 

Jumper connection for wiring Device 

Address 

Externally supplied timing for BIC- 

connected operations 



Not used 

Jumper connection for EXC2 signal 

assigned to DAC 1 

Jumper connection for EXC2 signal 

assigned to DAC 2 

DAC Select signal for BIC -connected 

operations 



Data transfer request to computer 

Jumper connection for internal use of 

EXC7 

Jumper connection for internal use of 

EXC5 



Jumper connection for internal use of 

EXC6 

Jumper connection for internal use of 

EXC2 

Jumper connection for internal use of 

EXC3 

Jumper connection for internal use of 

EXC4 



Jumper connection for internal use of 
EXCl 
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PIN NO, 



NAME 



FUNCTION 



Pl-99 
-100 

-101 
-102 



Not used 
Digital ground 
EXCO 

Enable 



-103 


EXC2-3 


-104 


EXC2-4 


-105 


EXC2-5 


-106 


EXC2-6 


-107 


Not used 


-108 


EXC2-7 


-109 


Not used 


-110 


EXC2-0 


-111 




-112 


EXC2-1 


-113 




-114 


EXC2-2 


-115 




-116 


Not used 


-117 


Not used 


-118 


+5 Vdc 


-119 


Not used 


-120 


Not used 


-121 


+5 Vdc 


-122 


Digital ground 


TERMINAL EDGE CONNECTOR WIRING 


PIN NO. 


NAME 


Jl-1 


Not used 


-2 




-3 


REX5 


-4 


Not used 


-5 


REX4 


-6 


Not used 


-7 


REXl 


-8 


Not used 


-9 


REXO 


-10 


Not used 


-11 


REX7 



Jumper connection for internal use of 

EXCO 

Jumper connection for Enable signal to 

slave DACs 

Jumper connection 

Jumper connection 

Jumper connection 

Jumper connection 



for DAC Select line 3 
for DAC Select line 4 
for DAC Select line 5 
for DAC Select line 6 



Jumper connection for DAC Select line 7 

Jumper connection for DAC Select line 
Jumper connection for +15 Vdc source 
Jumper connection for DAC Select line 1 
Jumper connection for -15 Vdc source 
Jumper connection for DAC Select line 2 
Jumper connection for -15 Vdc ground 



+5 Vdc 



+5 Vdc 



FUNCTION 

Jumper connection to +5 Vdc supply 
Jumper connection for EXC5 reset 

Jumper connection for EXC4 reset 

Jumper connection for EXCl reset 

Jumper connection for EXCO reset 

Jumper connection for EXC7 reset 
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PIN NO. 


NAME 


Jl-12 


Not used 


-13 


REX6 


-14 


EXC-7 


-15 


REX2 


-16 


EXC6 


-17 


REX3 


-18 


EXC5 


-19 




-20 


EXC4 


-21 




-22 


EXC3 


-23 


Device Ready 


-24 


EXC2 


-25 


Not used 


-26 


EXCl 


-27 


Not used 


-28 


EXCO 


-29 


Sense 7 


-30 




-31 


Sense 6 


-32 




-33 


Sense 5 


-34 




-35 


Sense 4 


-36 




-37 


Sense 3 


-38 




-39 


Sense 2 


-40 




-41 


Sense 1 


-42 




-43 


Sense 


-44 




J2-1 




-43 





FUNCTION 

Jumper connection for EXC6 reset 

Output connection for EXC7 

Jumper connection for EXC2 reset 

Output connection for EXC6 

Jumper connection for EXC3 reset 

Output connection for EXC5 

Jumper connection for DACl buffer clock 

Output connection for EXC4 

Jumper connection for DAC2 buffer clock 

Output connection for EXC3 

Externally supplied timing for BIC- 

connected operations 

Output connection for EXC2 

Output connection for EXCl 

Output connection for EXCO 
Input connection for Sense 7 line 
Jumper connection to digital ground 
Input connection for Sense 6 line 
Jumper connection to digital ground 
Input connection for Sense 5 line 
Jumper connection to digital ground 
Input connection for Sense 4 line 
Jumper connection to digital ground 
Input connection for Sense 3 line 
Jumper connection to digital ground 
Input connection for Sense 2 line 
Jumper connection to digital ground 
Input connection for Sense 1 line 
Jumper connection to digital ground 
Input connection for Sense line 
Jumper connection to digital ground 

DACl analog output signal 
DAC2 analog output signal 
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APPENDIX B: SPECIFICATIONS 

Accuracy 

+ 0. 003% of 20 V full scale (14-bit option) 
+ 0. 012% of 20 V full scale (12-bit option) 
+ 0. 05% of 20 V full scale (10-bit option) 

Temperature Coefficient 

+ 0.1 LSB/°C (0°C to 50 °C) 

Warm Up Time 

Essentially 0; however allow 15 minutes for best results. 

Slew Rate 

4 volts/microsecond 

Settling Time 

20 microseconds to stated accuracy 

Adjustments 

Full scale and zero (10-bit option) 

Full scale, zero, and MSB (12-bit option) 

Full scale, zero, and 3 MSB (14-bit option) 

Output Voltage Range 

+ 10 V full scale 
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Output Current Range 

10 ma 

(40 ma option available) 

Switching Transient 

200 mV peak, maximum duration less than 5 microseconds. 

Capacitive Load 

200 pF at specified settling time. 

S hort Circuit Protection 

DAC outputs may be shorted to ground indefinitely without damage. 

Output Noise 

Less than + i/2 LSB maximum due to activity on computer E-bus or other DACs. 

Digital Control Outputs 

Number: Eight. 

Type: Open Collector Transistor., TI SN75451P Dual Peripheral Driver sinks 

current when true. Each output will sink 300 mA when and standoff +30 
volts. Outputs are controlled by flip-flops which are set by computer 
instructions and are reset externally. (See manufacturer's specifications 
for further details.) 

Digital Sense Inputs 

Number; Eight 

Type: TTL logic levels. Ground true, open circuit inputs are held to +5 volt 

supply through 5. 6 K ohm rcBistors. 
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Power 

+ 15 Vdc +0.1%, 90 mA 
-15 Vdc +3%, 90 mA 
+ 5 Vdc +1%, 850 mA 

Temperature Range 

Specification: 0°C to 50 °C 
Operating: -10°C to 70°C 

Storage: -55 °C to 85° C 

Physical Characteristics 

Dimensions: One printed circuit board 7-3/4 x 12 x l/2 inches. 

Connectors: One 122-terminal card edge connector. Two 44-terminal card edge 
connectors. 
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APPENDIX C: 
SCHEMATIC, ASSEMBLIES, AND PARTS LIST 



DAC Module 03-950004 
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DAC MODULlU ASSEMBl^Y, 03-950006 



Schematic 
Reference 



Description 



Varian 
Part No. 



ICl, 2, 5,6,9,10, 
13,14 

IC3,4,7,8,12 

IC11,19 

ICi5 

IC16 

IC17A,17N,20A, 
21A,21B,25B 

IC18,32 

IC22,23,24,26,27 

IC29 

IC30 

IC31 

A1,A201,A2 

CRl- ,CR201-208 

CR9 

R1-9,R25 

R-10-17,20,30,34 

37,40,43,56,61,66 

279,203,205,208, 

211,214,226,230, 

234 

R27 

R29,33,36,39,42 
55,60,65,201,206 
209,212,215,227, 
231,235 

R52,R223 

R101,R264 

R103,R104,277,278 

R19 

R19,24 

R28 



IC Element 7475N 62-600351 

IC Element 7404N 62-600013 

IC Element 7400 62-600355 

T/^ TTil _4. rr A i\n-KT 

iV> JCiXClllCllt l'±U^i> 

IC Element 7430N 62-600359 

IC Element 75451P 62-600260 

IC Element 9301 62-600400 

IC Element 7474N 62-600365 

IC Element 74151N 62-600270 

IC Element 7440N 62-600310 

IC Element 7410 62-600357 

Amplifier, 2605 62-600203 

Diode Array, CA 3039 62-600091 

Diode IN 938 66-300938 

Res, FXD Comp, IK, i/4W 

i-nt on o A-i A t n 

Res, FXD Comp, 5. 6K 32-301456 

1/4W, 5% 



Res, FXD Comp, 47fi Jw 5% 32-301247 
Res, FXD Comp, 51K ^ 5% 32-301551 



Res, FXD Comp, IK, ^5% 32-301820 

Res, FXD Comp, 82S2 4 W 5% 32-301282 

Res, FXD Comp, lOK, 4W,5% 32-301510 

Res, MF, 1.13K,4W,1% 31-224113 

Res, MF 1. 13K, 4w, 1% 31-224200 

Res, MF499fi,4W,l% 31-223499 



Schematic 
Reference 




Desci 


'iption 


Varian 
Part No. 


R28 


Res 


, MF 


634fi4Wl% 


31-223634 


R31,47,70 


Res 


, MF 


28K 4W1% 


31-225280 


R202,219,239 


Res 


, MF 


28K 4W1% 


31-225280 


R32 


Res 


, MF 


2M 4W 1% 


31-607200 


R204 


Res 


,MF 


2M 4W 1% 


31-607200 


R35 


Res 


, MF 


iM 4w 1% 


31-227100 


R207 


Res 


, MF 


IM 4w, 1% 


31-227100 


R38 


Res 


, MF 


499K,^, 1% 


31-226499 


R210 


Res 


. MF 


499K, iW, 1% 


31-226499 


R41 


Res 


. MF 


249K, 4W, L% 


31-226249 


R213 


Res 


, MF 


249K, 4W, 1% 


31-226249 


R44 


Res 


, MF 


274K, 4W, 1% 


31-225274 


R67,216,236 


Res 


, MF 


274K, 4W, 1% 


31-225274 


R46,R69 


Res 


, MF 


16. 2K, 4W, 1% 


31-225162 


R268,269 


Res 


, MF 


16. 2K, 4W, 1% 


31-225162 


R48,R71 


Res 


, MF 


5.9K, 4W, 1% 


31-224590 


R2l8 238 


Res 


MF 






R49,R72 


Res 


, MF 


13. 7K, 4W, 1% 


31-225137 


R220, 240 


Res 


, MF 


13. 7K, 4W., 1% 


31-225137 


R57 


Res 


, MF 


UOK, iN, 1% 


31-226110 


R229 


Res 


^ ^p 


llOK, 4w, 1% 


31-226110 


R62 


Res. 


, MF 


56. 2K, 4W, 1% 


31-225562 


R232 


Res 


, MF 


56. 2K, 4W, 1% 


31-225562 


R74 


Res, 


MF 


14K, 4W, 1% 


31-225140 


R243 


Res. 


, MF 


14K, 4W, 1% 


31-225140 


R75 


Res, 


MF 


3.01, 4w, 1% 


31-224301 


R242 


Res, 


MF 


3.01, 4w, 1% 


31-224301 


R76,R270 


Res, 


MF 


8.45, 4W, 1% 


31-224845 


R79,R247 


Res, 


MF 


6.98K, 4W, 1% 


31-224698 


R80,R246 


Res, 


MF 


1.47K, 4W, 1% 


31-224147 


R81,R271 


Res. 


MF 


4.22K, 4W, 1% 


31-224422 


R83,R248 


Res, 


MF 


2.49K, 4W, 1% 


31-224249 


R85,R272 


Res, 


MF, 


2.15K, 4W, 1% 


31-224215 



Schematic 
R eference 


Descri 


R86,R251 


Res, 


MF, 


R87,R24 9 


Res, 


MF, 


R89,R252 


Res, 


MF, 


R93,R254 


Res, 


MF, 




"Roc 




R276,R98 


Res, 


MF, 


R18 


Res, 


MF, 


R23 


Res, 


MF, 


R68,R237 


Res, 


MF, 


R73,R100,R241, 


Res, 


MF, 


R263 






R78,R245 


Res, 


MF, 


R84,R100,R250 






R263, 


Res, 


MF, 


R90. R253 


Res, 


MF, 


R96, 100, 258, 263 


Res, 


MF, 


Tynrr T^nn a 




■R/TTT" 
XYXJL- , 


R97,R274 


Res, 


MF, 


R91,R273 


Res, 


MF, 


R92,R256 


Res, 


MF, 


R22 


Res, 


VAR 


R88,260 


Res, 


VAR 


R82,R259 


Res, 


VAR 


R94,R261 


Res, 


VAR 


R98,R275, 


Res, 


VAR 


R21 






R45,R217 


Res, 


MF, 


R50,R222 


Res, 


MF, 


R51,R221 


Res, 


MF, 


R54,R225 


Res, 


MF, 


R59,R228 


Res 


, MF, 


R64,R233 


Res 


, MF, 


R77,R244 


Res 


, MF, 



Schematic 
Reference 




Description 


Varian 
Part No. 


R28 


Res, 


MF 


634fiiWl% 


31-223634 


R31,47,70 


Res, 


MF 


28K JW1% 


31-225280 


R202,219,239 


Res, 


MF 


28K 4W 1% 


31-225280 


R32 


Res, 


MF 


2M iW 1% 


31-607200 


R204 


Res, 


MF 


2M JW 1% 


31-607200 


R35 


Res, 


MF 


IM JW 1% 


31-227100 


R207 


Res, 


MF 


IM iw, 1% 


31-227100 


R38 


Res, 


MF 


499K,^, 1% 


31-226499 


R210 


Res, 


MF 


499K, JW, 1% 


31-226499 


R41 


Res, 


MF 


249K, JW, L% 


31-226249 


R213 


Res, 


, MF 


249K, 4W, 1% 


31-226249 


R44 


Res 


MF 


274K, JW, 1% 


31-225274 


R67,216,236 


Res, 


, MF 


274K, JW, 1% 


31-225274 


R46,R69 


Res 


, MF 


16. 2K, iW, 1% 


31-225162 


R268,269 


Res 


, MF 


16.2K, 4W, 1% 


31-225162 


R48,R71 


Res 


, MF 


5.9K, JW, 1% 


31-224590 


R218,238 


Res 


, MF 


5.9K, iW, 1% 


31-224590 


R49,R72 


Res 


, MF 


13. 7K, iW, 1% 


31-225137 


R220, 240 


Res 


, MF 


13. 7K, JW., 1% 


31-225137 


R57 


Res 


, MF 


UOK, JV, 1% 


31-226110 


R229 


Res 


, MF 


UOK, JW, 1% 


31-226110 


R62 


Res 


, MF 


56. 2K, iW, 1% 


31-225562 


R232 


Res 


, MF 


56. 2K, JW, 1% 


31-225562 


R74 


Res 


, MF 


14K, JW, 1% 


31-225140 


R243 


Res 


, MF 


14K, iW, 1% 


31-225140 


R75 


Res 


, MF 


3.01, iW, 1% 


31-224301 


R242 


Res 


, MF 


3.01, 4w, 1% 


31-224301 


R76,R270 


Res 


, MF 


8.45, iW, 1% 


31-224845 


R79,R247 


Res 


, MF 


6.98K, JW, 1% 


31-224698 


R80,R246 


Res 


, MF 


1.47K, iW, 1% 


31-224147 


R81,R271 


Res 


, MF 


4.22K, JW, 1% 


31-224422 


R83,R248 


Res, 


MF 


2.49K, iW, 1% 


31-224249 


R85,R272 


Res, 


MF, 


2.I0K, iw, 1% 


31-224215 



Schematic 
R eference 


Description 


Varian 
Part No. 


R86,R251 


Res, MF, 3.48, JW, 1% 


31-224348 


R87,R24 9 


Res, MF, 750fi, JW, 1% 


31-223750 


R89,R252 


Res, MF, 1.62K, JW, 1% 


31-224162 


R93,R254 


Res, MF, 38312, JW, 1% 


31-223383 


R95,R257 


Res, MF, 806fi, JW, 1% 


31-223806 


R276 , R98 


Res, MF, 52.3K,1%, JW 


31-225523 


R18 


Res, MF, lOK, 1% 


31-239033 


R23 


Res, MF, 10. 5K, 1% 


31-239057 


R68,R237 


Res, MF, 128K, .01% 


31-239114 


R73,R100,R241, 


Res, MF, 64K, .01% 


31-239054 


R263 






R78,R245 


Res, MF, 32K,.01% 


31-239053 


R84,R100,R250 
R263, 


Res, MF, 16K, .01% 


31-239052 


R90. R253 


Res, MF, 8K, .01% 


31-239051 


R96, 100, 258, 263 


Res, MF, 4k, .01% 


31-239050 


R97,R274 


Res, MF, 4. IK, 1% 


31-239048 


R97,R274 


Res, MF, 21. 5K, 1% 


31-239060 


R91,R273 


Res, MF, 1.02K, IW, 1% 


31-464102 


R92,R256 


Res, MF, 1.78k, IW, 1% 


31-464178 


R22 


Res, VARW.W., 50fl 


37-577308 


R88,260 


Res, VARW.W., 200fi 


37-577310 


R82,R259 


Res, VARW.W., 2K 


37-577312 


R94,R261 


Res, VARW.W., lOOfi 


37-577309 


R98,R275, 


Res, VARW.W.., IK 


37-577311 


R21 






R45,R217 


Res, MF, 125K, JW, . (1% 


31-613328 


R50,R222 


Res, MF, 62. 5K, 4w, 01% 


31-613341 


R51,R221 


Res, MF, lOOfi, iW, 01% 


31-613308 


R54,R225 


Res, MF, 1.538K, JW, .01% 


31-613338 


R59,R228 


Res, MF, 512K, JW, 01% 


31-613339 


R64,R233 


Res, MF, 256K, JW, .01% 


31-613340 


R77,R244 


Res, MF, 6.81K, JW, 0.1% 


31-613342 
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1. INTRODUCTION 



1.1 GENERAL 

The High- Level Multiplexer Module (MUX) is a hardware option that is used with an 
Analog-to-Digital Converter Module (ADCM) to expand the analog input capability of 
Varian 620 and V-73 series computers. The MUX provides high-level multiplexing 
and channel control. 

The MUX provides 16 single-ended or differential external analog channels. In addition, 
the MUX can be expanded by adding 16-channel Multiplexer Expansion Modules (MUXEs). 
As many as 15 MUXEs can be attached to each MUX to provide a total of 256 analog input 
channels for the ADCM. 

1.2 FUNCTIONAL DESCRIPTION 

Figure 1-1 illustrates the functional elements included in a MUX module. In a config- 
uration employing MUXE modules, the MUX serves as the master module which 
contains the control logic. The MUXEs, called slave modules, contain only those circuits 
shown in the shaded area of Figure 1-1. The MUX shares the interface logic shown in 
the unshaded area with the MUXEs via jumper connections. 

Device Address 

One to 16 multiplexer and multiplexer expansion modules may be located at one device 
address. The device address may be any octal number from 40 to 77. The MUX, which 
is the master module, contains the device address decode logic. 

Channel Selection Mode 

The multiplexer is designed to operate in either sequential or random mode under 
computer program control. The mode of channel selection is specified by the program 
using a standard assembly language instruction. 



1-1 



In sequential mode, the multiplexer module's channel address decode logic automatically 
increments from channel address 1 to the final address prescribed by the program. 

In random mode, the MUX channel address s(3lection is controlled by the computer 
progrartu This mode permits the selection of MUX and MUXE channels in any sequence. 

Channel Address Decode 

The MUX channel address decode logic converts the eight -bit channel address received 
from the computer into two four-bit select codes. The select codes are routed to the 
channel on the MUX and MUXEs by jumper connections. 

Channel Select Switches 

The eight bits of the select 'code close either one or a pair of channel select switches on 
a single module to connect the analog input signal on a single-ended or differential 
channel to the ADCM. Only one switch or pair of switches can be closed at a time. 

End of Scan Sense 

The program can determine when a sequential channel selection operation is complete 
by issuing a Sense instruction that selects the End of Scan Sense input line. This line 
is logically true when the channel address decode selects the final channel address in a 
sequential operation. 
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END OF 
SCAN SENSE 



END 
OF 

SCAN 
LOGIC 




END OF SCAN 
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ARATOR 
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^ 



STORAGE 
REGISTER 
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> 



RESET 




COUNTER 



I/O 

AND 
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INTERFACE 



RANDOM 
SEQUENTIAL 
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SELECT 




sz. 



CARD 
SELECT 



CHANNEL 
SELECT 



FUNCTION CODE 



:> 



EXC 
DECODE 



BUSY 



> 
> 



EXTERNAL 
CONTROL 
FLIP FLOP 



Figure 1-1. Multiplexer Module Block Diagram 
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2. PROGRAMMING 

2. 1 INTRODUCTION 

This section describes Assembly Language programming techniques for operating the 
multiplexer. The program directs MUX operation in four ways: 

• Determines mode of channel selection. 

• Loads channel select codes into the channel select decode logic. 

• Enables operation under BIG control. 

• Tests for end of scan in sequential mode. 

Note that generalized driver programs are supplied with the MUX to accomplish these 
same functions. Complete details regarding these programs may be found in the Analog- 
to~Digital, Converter User's Guide (Publication No. 03-996 806). That manual also 
describes the software test package that is provided for ADCM/MUX checkout. 

More detailed programming information may be found in the 620 series or V-73 system 
handbooks. 

2.2 MODE SELECTION 

The program specifies the mode of channel selection with an EXC instruction. Sequential 
channel selection is specified with an EXC 02YY instruction, where YY is the MUX device 
address. Random channel selection is specified with an EXC OlYY instruction. 

2. 3 CHANNEL SELECT CODE TRANSFER 



The program specifies which channel is to be selected by an eight-bit channel select code. 
This code may be transferred from the computer's A or B register or from memory to 
the multiplexer using a standard data transfer out operation. The channel select code 
transfer is accomplished with one of the following instructions: 
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OAR OYY Load device YY from A register 

OBR OYY Load device YY from B register 

OME OYY Load device YY from memory 

where YY is the MUX device address 

In sequential mode, only the channel select code for the final channel address is sent to 
the miultiplexer; all channel select codes from channel address 1 to the final channel 
address are automatically generated by the MUX once the sequence has begun. 

In random mode, each new channel select code requires a separate data transfer out 
operation. The data transfer operation may be under program control or BIC control. 

2.4 BIC ENABLE 

The program enables the multiplexer to operate in conjunction with the BIC by issuing 
an EXC OYY instruction, where YY is the MUX device address. This sets the MUX in 
random mode. It also enables it to be connected to the BIC in order to pass random 
MUX channel addresses to the MUX from memory via the BIC. 

2.5 END OF SCAN SENSE 

The program can test the status of a sequential channel selection operation to determine 
if the MUX has selected the final channel (end of scan). It does this by issuing a SEN 
OYY instruction. A true level on the computer's sense input line, SERX-I, indicates 
that the MUX has completed its scan. 

The end of scan signal can also provide an interrupt to the program if the optional PIM 
module is employed. 

2.6 TIMING CONSIDERATIONS 

The channel selection process requires a delay of approximately 10 microseconds from 
the start of the channel selection to the start of the analog-to-digital conversion. 
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For each selected channel in random mode, the delay would extend from the trans- 
fer of the channel address to the signal that starts the ADC. In sequential mode, 
the delay would be required only before the first analog-to-digital conversion. In 
this case the subsequent delays are provided by the conversions themselves, since 
the subsequent channel selections occur at the beginning of the following conversions. 

The source of the delay will depend on the source of the Start ADC signal. This may 
be a program start, timer start, or external start. Refer to the ADCM User's Guide 
for details regarding Start ADC signals. 

2.7 PROGRAMMmO EXAMPLES 

The following examples illustrate typical instruction sequences for programming the 
multiplexer. In these examples, device address octal 60 is assumed for the ADCM, 
and device address octal 40 is assumed for the MUX. 

Random Mode Channel Selection 



LDX 



EXC 



RANI 
0140 



Select random mode 



RAN2 



RAN7 



RAN6 



LDA 


0,1 


Relative to X 


OAR 


040 


Output to MUX 


LDB 


RAN3 


Load delay interval 


DBR 




Delay 


JBZ 


RAN6 


Check end of delay 


JMP 


RANT 


Continue delay 


EXC 


0160 


Start ADC 


SEN 


060, RAN8 


tf data ready, read 


JMP 


*-2 


Not ready continue 
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RAN 8 


CIA 


060 




STA 


RAN4, 1 




IXR 






TXA 






SUB 


RAN5 




SUB 


RANI 




JAN 


RAN2 




HLT 




RANI 


DATA 


XXX 


RAN3 


DATA 


XXX 


RAN4 


DATA 


XXX 


RAN5 


DATA 


XXX 


Sequential Mode Channel Selection 




LDX 


SEQl 




EXC 


0240 




LDAI 


020 




OAR 


040 




LDBI 


SEQ2 


SEQ5 


DBR 






JBZ 


SEQ3 




JMP 


SEQ5 


SEQ3 


EXC 


0160 




SEN 


060, SEQ6 



Read ADC 



Store data word 



Points to start of channel numbers 
Delay interval 
Points to start of data 
Number of data words 



Select sequential mode 

Channel 16 is last channel 

Output to MUX 

Load delay interval 

Delay 

Check end of delay 

Continue delay 

Start ADC 

If data ready, read ADC 



2-4 



SEQ6 



JMP 

CIA 

STA 

rxR 

TXA 



*-2 
060 
0, 1 





SUB 


SEQ4 




SUB 


SEQl 




JAN 


SEQ3 




HLT 




SEQl 


DATA 


XXX 


SEQ2 


DATA 


XXX 


SEQ4 


DATA 


XXX 



Not ready, continue wait loop 
Read ADC 
Store data word 



Points to start of data 
Delay interval 
Number of data words 
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3. THEORY OF OPERATION 



3. 1 CHANNEL SELECTION 

Channel selection may occur in either of two modes, random or sequential. For 
sequential operation, the program specifies a final channel address and the multi- 
plexer automatically increments the channel selection logic from channel address 1 
to the specified channel. In the random mode, the program specifies the next channel 
address for each selection; transfer of the channel address word may be under direct 
program control or BIC control. 

Sequential Mod e 

The program prepares a set of multiplexer modules for sequential channel selection by 
issuing an EXC 02YY instruction. This sets the Sequential/ Random latch on the master 
module, which remains set until the program issues an EXC OYY or EXC OlYY 
instruction or until System Reset is generated. The Q output of the Sequential/ Random 
latch conditions the channel address decode logic for sequential operation. 

Following the mode selection, the final channel address is sent to the master module. 
At the start of the data transfer out operation that executes the address transfer, the 
DTOS latch is set. The true output of the DTOS latch conditions the clock input gate to 
the channel address buffer register in preparation for the DRYX (Data Ready) pulse. 

The leading edge of DRYX loads the channel address present on E-bus lines EBOO 
through EB07 into the buffer register. The Load pulse also resets all eight channel 
address decode latches. 

The output of the channel address buffer register and the eight channel address decode 
latches are set into an eight-bit comparator. The output of the comparator remains 
logically true (relative high) as long as the present channel address (output of the 
decode latches) is less than the final channel address (output of the buffer register). 
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In the sequential mode, the decode latches operate as an eight-bit cascade counter. 
The counter begins operation reset to 1 (by the Load pulse). A clock input pulse 
(CLK) increments the counter by one with each analog-to-digital conversion. 

At the start of a conversion, the signal Busy from the ADCM goes true. This results 
in the positive-going pulse CLK, which clocks the channel address decode latches. 

When the output of the decode latches equals the final channel address, the output of 
the comparator goes false (relative low). This output sets the End of Scan latch on 
the trailing edge of the final CLK pulse in the sequence. The true output of the End 
of Scan latch is gated with Convert, a signal that is the equivalent of Busy, to reset 
the channel address decode latches to 1. 

If the program issues a SEN OYY instruction, the signal Select is generated. This 
signal gates the status of the End of Scan latch onto SERX-I, the sense input to the 
computer. 

End of Scan, inverted once, is also available at Pl-89 and may be used with the priority 
interrupt feature. 

Random Mode 

The program specifies the random chann(3l selection mode by issuing an EXC OlYY 
instruction. This resets the Sequential/Random latch on the master module, which 
remains reset until the program issues an EXC 02YY instruction. The Q" output of the 
latch conditions the channel address decode logic for random operation. 

Following the mode selection, the address of the first channel to be selected is sent to 
the master module from the computer, "transfer of the address may be either a 
program-controlled or BIC -controlled data transfer out operation. 

In either case, the channel address is loaded into the buffer register by the Load pulse, 
which is generated by DRYX from the computer and either DTOS (for program-controlled 
transfers) or Transfer Enable (for BIC -controlled transfers). 
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Load is also gated through with the mode signal, Random, to strobe the channel 
address from the buffer register into the decode latches. Each subsequent channel 
address transferred in the random mode is loaded into the buffer register and strobed 
into the decode latches in the same manner. The outputs of the comparator and End 
of Scan latch have no significance in the random mode. 

3.2 CHANNEL SELECT SWITCHES 

The eight bits output from the channel address decode logic are routed to the channel 
select switches on the master and slave modules. The four least significant bits (called 
A, B, C, and D) select one pair out of 16 pairs of select switches on each module. The 
four most significant bits (called E, F, G, and H) select the module to which the 
designated channel is connected. 

If there are 32 channels located at the addressed module, the four most significant 
bits (E, F, G, and H) select the module, and select signal E inhibits one half of each 
pair of switches selected by signals A, B, C, and D. Jumper wires are required on the 
module for 32 channel operation. These jumpers are: JPRA, JPRB, JPRC, and JPRD. 

The jumper wires used for routing the channel select bits are connected from module to 
module in an unchanging pattern. The jumper wires that route the card select bits are 
connected to either the inverting or noninverting input pins of the different modules in 
combinations that give each module a unique submultiplexing address. 

A blanking pulse is applied to all channel select switches with each new channel address 
selection. This is done to assure that the switch(es) previously selected opens before 
the newly selected switch(es) closes. 

The signal, Blanking, is generated by the Load pulse when channel selection is in the 
random mode and by CLK when channel selection is in the sequential mode. 
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3.3 



SWITCH DESIGN 



The switch design (Figures 3-1 and 3-2) is of monolithic construction with bipolars 
and FETS on one chip. The design Incorporates the following features: 

• P-Channel MOS FET switch and driver 

• 20-Volt peak-to-peak signal handling capability 

• TTL, DTL, BTL direct drive compatibility 

• Voltage -limiting diodes protect MOS gate 

Each element contains four MOS field -effect transistors designed to function as electronic 
switches. Level -shifting drivers enable a low -level input (0. 8 to 2. V) to control the 
ON-OFF condition of each switch. In the C'N state, each switch will conduct current 
equally well in either direction. In the OF]!' state, the switches will block voltages up to 
20 V peak-to-peak. Positive logic " 0" at the driver input will turn each switch ON. 
A common driver terminal V^^ may be used to clock all four switches by switching the 
device from the ENABLE mode (>4 V) to the INHIBIT mode (< 0.4 V). 




Figure 3-1. MOS Switches With Drivers-Functional Diagram 
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Figure 3-2. MOS Switches With Drivers - Schematic Diagram 
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4. 



INSTALLATION 



4.1 PHEREQUISITES 

Each MUX or MUXE requires one card slot in either the mainframe or Memory 
Expansion/Peripheral Controller frame. No special slots are reserved for use by 
the multiplexer modules. However, those modules used in conjunction with an ADCM 
should be installed in adjacent slots to simplify backplane wiring. Note that an example 
of a typical ADCM/MUX installation procedure is given in the ADCM User's Guide. 

A Power Supply Module (Part No. 620-88) must be installed when using one or more 
multiplexer modules. If a Power Supply Module has been previously installed and 
sufficient current is available to support the multiplexer modules, an additional module 
need not be installed. 

4.2 INSTALLATION AND INTERCONNECTION 

A MUX or MUXE is installed vertically, with its component side to the installer's left 
in 620/i and 620/L computers, and horizontally in the 620/f computer. Figure 4-1 
illustrates a typical installation. 



- CAUTION 



Do not install multiplexer modules in slots that have been previously 
wired to provide power to other modules; if the intended slot is al- 
ready wired, remove any connections to power before installing the 
multiplexer module to protect its components. Refer to Table 4-1 
for proper power connections. 



The card is installed with the double pin edge pointing toward the installer. Proper 
orientation of the module is important since the cards are not keyed. 
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COMPUTER OR EXPANSION CHASSIS 




CABLES TO USER DEVICE 



ANALOG POWER SUPPLY 

(REAR PANEL OF SYSTEM CABINET) 



T 

1 



Figure 4-1. Typical Miull.iplexer Module Installation 

Connections to external instruments include, for each multiplexer module, 16 single- 
ended or 16 differential analog inputs. All pin assignments for these connections are 
listed in Appendix A. 

Power Supply Wiring 

Connections to the multiplexer module must be made for five power supply voltages and 
senses, an analog ground, a digital ground and a digital ground sense. Table 4-1 lists 
the pin assignments on the MUX wirewrap backplane for these connections. When the 
multiplexer module is used with other modules (ADCMs, MUXEs, etc.) similar voltages 
should be tied together, and the voltage sense line should be brought from the mid-point 
of the voltage tie-line to a voltage sense line on the power supply wirewrap backplane. 
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The voltages and sense points for the power supply backplane are given in the Power 
Supply Manual (Publication No. 03-996-812). 

Table 4-1. MUX Wirewrap Backplane Pin Connections 
for Power Supply 



Power Supply Voltage 


Multiplexer Pins 


Digital Ground 


Pl-1, 22, 48, 51, 100, and 122 


+5 Vdc 


Pl-118, 121 


+15 Vdc 


Pl-111, 112 


+20 Vdc 


Pl-107, 108 


-15 Vdc 


Pl-113, 114 


-22 Vdc 


Pl-109, 110 


Analog Ground 


Pl-115 



Device Address Wiring 

Table 4-2 lists the jumper connections required to wire a device address for a 
multiplexer module. Although Table 4-2 lists the connections for device addresses 
040 through 077, multiplexer modules are typically assigned device addresses 060 through 
067. Note that Pl-74 (Enable) is not normally used. It is available, however, and may 
be used as an additional addressing condition. For example, if two multiplexer modules 
are assigned the same device address, the Enable input can be used to permit only one 
module to respond to that address at a given time. 

Card/Channel Selection Wiring 

Tables 4-3 through 4-5 list the jumper connections required for preparing MUX and 
MUXE modules for card and channel selection. Note that Tables 4-3 and 4-5 apply only 
to those configurations in which MUXEs are used. 

Table 4-3 shows the initial connections for daisy chain wirewrap of MUX and MUXE 
modules used in the same configuration. 
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Table 4-2. Multiplexer Module Device Address Wiring 



Address 


1 


Wirewrap 


Jumpers (Plxx to Plxx) 


040 


77 to 78 


74 to 75 


71 to 72 


68 to 69 


65 to 66 


041 


77 to 78 


74 to 75 


71 to 72 


68 to 69 


64 to 66 


042 


77 to 78 


74 to 75 


71 to 72 


67 to 69 


65 to 66 


043 


77 to 78 


74 to 75 


71 to 72 


67 to 69 


64 to 66 


044 


77 to 78 


74 to 75 


70 to 72 


68 to 69 


65 to 66 


045 


77 to 78 


74 to 75 


70 to 72 


68 to 69 


64 to 66 


046 


77 to 78 


74 to 75 


70 to 72 


67 to 69 


65 to 66 


047 


77 to 78 


74 to 75 


70 to 72 


67 to 69 


64 to 66 


050 


77 to 78 


73 to 75 


71 to 72 


68 to 69 


65 to 66 


051 


77 to 78 


73 to 75 


71 to 72 


68 to 69 


64 to 66 


052 


77 to 78 


73 to 75 


71 to 72 


67 to 69 


65 to 66 


053 


77 to 78 


73 to 75 


71 to 72 


67 to 69 


64 to 66 


054 


77 to 78 


73 to 75 


70 to 72 


68 to 69 


65 to 66 


055 


77 to 78 


73 to 75 


70 to 72 


68 to 69 


64 to 66 


056 


77 to. 78 


73 to 75 


70 to 72 


67 to 69 


65 to 66 


057 


77 toi78 


73 to 75 


70 to 72 


67 to 69 


64 to 66 


060 


76 to 78 


74 to 75 


71 to 72 


68 to 69 


65 to 66 


061 


76 to 78 


74 to 75 


71 to 72 


68 to 69 


64 to 66 


062 


76 to 78 


74 to 75 


71 to 72 


67 to 69 


65 to 66 


063 


76 to 78 


74 to 75 


71 to 72 


67 to 69 


64 to 66 


064 


76 to 78 


74 to 75 


70 to 72 


68 to 69 


65 to 66 


065 


76 to 78 


74 to 75 


70 to 72 


68 to 69 


64 to 66 


066 


76 to 78 


74 to 75 


70 to 72 


67 to 69 


65 to 66 


067 


76 to 78 


74 to 75 


70 to 72 


67 to 69 


64 to 66 


070 


76 to 78 


73 to 75 


71 to 72 


68 to 69 


65 to 66 


071 


76 to 78 


73 to 75 


71 to 72 


68 to 69 


64 to 66 


072 


76 to 78 


73 to 75 


71 to 72 


67 to 69 


65 to 66 


073 


76 to 78 


73 to 75 


71 to 72 


67 to 69 


64 to 66 
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Table 4-2. Multiplexer Module Device Address Wiring (Con't. ) 



Address 


Wirewrap Jumpers (Plxs to Plxx) 


074 


76 to 78 


73 to 75 


70 to 72 


68 to 69 


65 to 66 


075 


76 to 78 


73 to 72 


70 to 72 


68 to 69 


64 to 66 


076 


76 to 78 


73 to 75 


70 to 72 


67 to 69 


65 to 66 


077 


76 to 78 


73 to 75 


70 to 72 


67 to 69 


64 to 66 



Table 4-3. Daisy Chain Wirewrap Connections 
for Multiplexer Modules 



Signal 



Card Sel-H 
H- Inverted 



Signal 


MUX to 


MUXEl 


to ... to MUXEn 


Blanking 


Pl-42 


Pl-42 


Pl-42 


Pl-42 


Chan Sel-A 


Pl-86 


Pl-86 


Pl-86 


Pl-86 


Chan Sel-B 


Pl-85 


Pl-85 


Pl-85 


Pl-85 


Chan Sel-C 


Pl-84 


Pl-84 


Pl-84 


Pl-84 


Chan Sel-D 


Pl-102 


Pl-102 


Pl-102 


Pl-102 


Card Sel-E 


Pl-104 


Pl-104 


Pl-104 


Pl-104 


Card Sel-F 


Pl-105 


Pl-105 


Pl-105 


Pl-105 


Card Sel-G 


Pl-90 


Pl-90 


Pl-90 


Pl-90 


Card Sel-H* 


Pl-92 


Pl-92 


Pl-92 


Pl-92 



*Card Sel-H must be inverted to operate modules 
with channel addresses above 128. 



(Any slot below 
Chan 129) 



to 



(Any slot above 
Chan 128) 



to 



(Any slot above 
Chan 128) 



Pl-92 



Pl-83 
Pl-94 to Pl-92 



Pl-83 
Pl-94 to Pl-92 
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Table 4-4 shows the connections required on the master MUX module to provide 16- 
channel operation. 

Table 4-4. MUX Wirewrap Jumpers 



Signal 


MUX to ADC 


Busy 
Decode 
Decode 1 


Pl-101 
Pl-91 to Pl-80 
Pl-93 to Pl-81 


Pl-75 



Table 4-5 lists the internal connections to wire each MUXE channel address group, 



Table 4-5. MU^^E Wirewrap Jumpers 



Channel Address Group 


From 
Pl-xx 


To 
Pl-xx 


17 to 32 
(MUXEl) 


93 
95 


80 

81 


33 to 48 
(MUXE 2) 


95 
96 


80 

81 


49 to 64 
(MUXES) 


96 
97 


80 

81 


65 to 80 
(MUXE4) 


97 
98 


80 
81 


81 to 96 
(MUXE5) 


98 
99 


80 

81 


97 to 112 
(MUXE 6) 


99 
103 


80 

81 


113 to 128 
(MUXE 7) 


103 
106 


80 
81 
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Table 4-5. MUXE Wirewrap Jumpers (Con't) 



Channel Address Group 


From 
P-lxx 


To 
Pl-xx 


129 to 144 

(MUXES) 


91 
93 


80 

81 


145 to 160 
(MUXE9) 


93 
95 


80 

81 


161 to 176 
(MUXE 10) 


95 
96 


80 
81 


177 to 192 
(MUXE 11) 


96 
97 


80 

81 


193 to 208 
(MUXE 12) 


97 
98 


80 
81 


209 to 224 
(MUXE 13) 


98 
99 


80 

81 


225 to 240 
(MUXE 14) 


99 
103 


80 

81 


241 to 256 
(MUXE 15) 


103 
106 


80 

81 



Analog Input Wiring 

Connections for analog inputs are available at Jl and J2. Inputs may be either single- 
ended or differential for a differential MUX. If the MUX is single-ended, only single- 
ended inputs may be used. Note that differential is recommended since it simplifies 
system grounding procedures. 

To allow full scale swing ( + 10 V) of the analog input signal, that signal must be 
referenced to the multiplexer ground. Figure 4-2 illustrates a typical application where 
the differential input leads are connected to Jl-9 (high) and Jl-7 (low), and the ground 
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line is connected to Jl-8 (analog ground). Figure 4-3 shows a typical application where 
the single-ended input lead is connected to J 1-7 (low) and the ground line is connected 
to Jl-8 (analog ground). Figure 4-4 illustrates ground connections for sequencing the 
analog output signal through the multiplexer modules to the ADCM. 




Figure 4-2. Differential Input Connections 




Figure 4-3. Single-Ended Input Connections 
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^^ 



MUXE 
N-1 



^n 



J2-38>y \^J2-43 

Y 



MUX 



ADCM 



;^/ W - 

MINIATUftE 

COAXIAL 

CONNECTOR 



J 



J2-38^V >l^J2-43 

YY 



J2-37 



k:::5 



L 



P^: 









J? 

\^ J2-38 



I 



BNC 



4» 



\j I 



Figure 4-4. Daisy Chain of Analog Output Signal from MUX to ADCM 
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APPENDIX A: MUX PIN ASSIGNMENTS 



BACKPLANE WIRING 



Pin 






No. 


Name 


Name Function 


Pl-1 


Digital Ground 


Digital Ground 


-2 


EBOO-I 


EBOO-I 


-3 


Digital Ground 


Digital Ground 


-4 


EBOl-I 


EBOl-I 


-5 


Digital Ground 


Digital Ground 


-6 


EB02-I 


EB02-I 


-7 


Digital Ground 


Digital Ground 


-8 


EB03-I 


EB03-I 


-9 


Digital Ground 


Digital Ground 


-10 


EB04-I 


EB04-I 


-11 


EB05-I 


EB05-I 


-12 


EB06-I 


EB06-I 


-13 


EB07-I 


EB07-I 


-14 


EB08-I 


EB08-I 


-15 


EB09-I 


EB09-I 


-16 


EBIO-I 


EBIO-I 


-17 


EBll-I 


EBll-I 


-18 


EB12-I 


EB12-I 


-19 


Not used 


Not used 


-20 


EB14-I 


EB14-I 


-21 


EB15-I 


EB15-I 


-22 


Digital Ground 


Digital Ground 


-23 


Not used 


Not used 


-24 


Digtial Ground 


Digital Ground 


-25 


Not used 


Not used 


-26 


Digital Ground 


Digtial Ground 


-27 


FRYX-I 


FRYX-I 


-28 


Digital Ground 


Digital Ground 


-29 


DRYX-I 


DRYX-I 


-30 


Digital Ground 


Digital Ground 


-31 


SERX-I 


SERX-I 


-32 


Digital Ground 


Digital Ground 


-33 


Not used 


Not used 


-34 


Digital Ground 


Digital Ground 


-35 


Not used 


Not used 


-36 


Digital Ground 


Digital Ground 


-37 


Not used 


Not used 


-38 


Digital Ground 


Digital Ground 



A-1 



Pin 




No. 


Name 


-39 


Not used 


-40 


Digital Ground 


-41 


Not used 


-42 


BLANK 


-43 


SYET-I 


-44 


lUAX-I 


-45 


Not used 


-46 


Not used 


-47 


Not used 


-48 


Digital Ground 


-49 


TRQX-B 


-50 


TROX-B 


-51 


Digital Ground 


-52 


Not used 


-53 


Digital Ground 


-54 


CDCX-B 


-55 


Digital Ground 


-56 


DCEX-B 


-57 


Digital Ground 


-58 


TAKX-B 


-59 


Digital Ground 


-60 


DESX-B 


-61 


Not used 


-62 


Not used 


-63 




-64 


EBOO+ 


-65 


EBOO- 


-66 


EBOI+ 


'-67 


EBQ1+ 


-68 


EBOl- 


-69 


EB1I+ 


-70 


EB02+ 


-71 


EB02- 


-72 


EB2I+ 


-73 


EB03+ 


-74 


EB03- 


-75 


EB3I+ 


-76 


EB04+ 



Name Fu nction 

Not used 

Digital Ground 

Not used 

BLANK Assures channel select switches break 

before make 

SYRT-I Resets system logic 

lUAX-I Interrupt acknowledge from computer 

Not used 

Not used 

Not used 

Digital Ground 

TRQX-B Transfer request from multiplexer to BIG 

TROX-E Not used 

Digital Crround 

Not used 

Digital Ct round 

CDCX-E Notifies BIG that multiplexer is connected 

Digital Ciround 

DCEX-B Connect signal from BIC 

Digital C^round 

TAKX-B Transfer request acknowledge from BIC 

Digital Crround 

DESX-B Disconnect from BIC 

Not usee 

Not used 

Output for EXC 3 latch 

EBOO+ Jumper connection for wiring device address 

EBOO-- Jumper connection for wiring device address 

EBOH- jTimper connection for wiring device address 

EB01+ Jumper connection for wiring device address 

EBOl- Jumper connection for wiring device address 

EBIH- Jumper connection for wiring device address 

EB02+ Jumper connection for wiring device address 

EB02- Jumper connection for wiring device address 

EB2H- Jumper connection for wiring device address 

EB03+ Jumper connection for wiring device address 

EB03- Jumper connection for wiring device address 

EB3H- Jumper connection for wiring device address 

EB04+ Jumper connection for wiring device address 
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RACKPLANE WIRING 



Pin 




No. 


Name 


Pl-77 


EB04- 


-78 


EB4I+ 


-79 


ENABLE 


-80 


H 


-81 


G 


-82 


F 


-83 


E 


-84 


C 


-85 


B 


-86 


A 


-87 


Not used 


-88 


Not used 


-89 


EOS 


-90 


G 


-91 


Not used 


-92 


H 


-93 


Not used 


-94 


H 


-95 


Not used 


-96 


Not used 


-97 


Not used 


-98 


Not used 


-99 


Not used 


-100 


Digital Ground 


-101 


Busy 


-102 


D 


-103 


Not used 


-104 


E 


-105 


F 


-106 


Not used 


-107 


+20 V 


-108 


+20 V 


-109 


-20 V 


-110 


-20 V 


-111 


+15 V 


-112 


+15 V 


-113 


-15 V 


-114 


-15 V 


-115 


Analog Ground 


-116 


Not used 


-117 


Not used 



Name Function 

EB04- Jumper connection for wiring device address 

EB4I+ Jumper connection for wiring device address 

ENABLE Not normally used 

H Jumper connection for wiring card select code 

G Jumper connection for wiring card select code 

F Jumper connection for wiring card select code 

E Jumper connection for wiring card select code 

C Jumper connection for wiring channel select code 

B Jumper connection for wiring channel select code 

A Jumper connection for wiring channel select code 

Not used 

Not used 

EOS End of scan output to PIM 

G Jumper connection for wiring card select code 

Not used 

H Jumper connection for wiring card select code 

Not used 

H Jumper connection for wiring card select code 

Not used 

Not used 

Not used 

Not used 

Not used 

Digital Ground 

Busy Busy input from ADCM 

D Jumper connection for wiring channel select code 

Not used 

E Jumper connection for wiring card select code 

F Jumper connection for wiring card select code 

Not used 

+20 V 

+20 V 

-20 V 

-20 V 

+15 V 

+15 V 

-15 V 

-15 V 

Analog Ground 

Not used 

Not used 
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Pin 
No. 

-118 
-119 
-120 
-121 
-122 



Name 

+5 V 

Not used 

Not used 

+5 V 

Digital Ground 



Name F unction 

+ 5 V 
Not used 
Not used. 
+5 V 
Digital (jround 



TERMINAL EDGE CONNECTOR WIRING 



Pin 
No. 

Jl-1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

-10 

-11 

-12 

-13 

-14 

-15 

-16 

-17 

-18 

-.19 

-20 

-21 

-22 

-23 

-24 

-25 

-26 

-27 

-28 

-29 

-30 

-31 

-32 

-33 



Name 

Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
CH-9L 

Analog Ground 
CH-9H 

Analog Ground 
CH-IOL 
Analog Ground 
CH-IOH 
Analog Ground 
CH-llL 
Analog Ground 
CH~11H 
Analog Ground 
CH-12L 
Analog Ground 
CH-12H 
Analog Ground 
CH-13L 
Analog Ground 
CH-13H 
Analog Ground 
CH-14L 
Analog Ground 
CH-14H 
Analog Ground 
CH~15L 
Analog Ground 
CH~15H 



Name Function 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

CH-9L Analog input channel (DIFF and Single Ended) 

Analog (jround 

CH-9H Analog input channel (DIFF only) 

Analog (jround 

CH-IOL Analog input channel (DIFF and Single Ended) 

Analog Ground 

CH-IOH Analog input channel (DIFF only) 

Analog (iround 

CH-llL Analog input channel (DIFF and Single Ended) 

Analog Ground 

CH-llH Analog input channel (DIFF only) 

Analog (jround 

CH-12L Analog input channel (DIFF and Single Ended) 

Analog Ground 

CH-12H Analog input channel (DIFF only) 

Analog Ground 

CH-13L Analog input channel (DIFF and Single Ended) 

Analog Ground 

CH-13H Analog input channel (DIFF only) 

Analog Ground 

CH-14L Analog input channel (DIFF and Single Ended) 

Analog Ground 

CH-14H Analog input channel (DIFF only) 

Analog Ground 

CH-15L Analog input channel (DIFF and Single Ended) 

Analog Ground 

CH-15H Analog input channel (DIFF only) 
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Pin 








No. 


Name 


Name Function 




-34 


Analog Ground 


Analog Ground 




-35 


CH-16L 


CH-16L Analog input channel (DIFF and Single Ended) 


-36 


Analog Ground 


Analog Ground 




-37 


CH-16H 


CH-16H Analog input channel (DIFF only) 


-38 


Analog Ground 


Analog Ground 




-39 


Not used 


Not used 




-40 


Not used 


Not used 




-41 


Not used 


Not used 




-42 


Not used 


Not used 




-43 


Not used 


Not used 




-44 


Not used 


Not used 




J2-1 


Not used 


Not used 




-2 


Not used 


Not used 




-3 


Not used 


Not used 




-4 


Not used 


Not used 




-5 


Not used 


Not used 




-6 


Not used 


Not used 




-7 


CH-IL 


CH-IL Analog input channel 


(DIFF and Single Ended) 


-8 


Analog Ground 


Analog Ground 




-9 


CH-IH 


CH-IH Analog input channel 


(DIFF only) 


-10 


Analog Ground 


Analog Ground 




-11 


CH-2L 


CH-2L Analog input channel 


(DIFF and Single Ended) 


-12 


Analog Ground 


Analog Ground 




-13 


CH-2H 


CH-2H Analog input channel 


(DIFF only) 


-14 


Analog Ground 


Analog Ground 




-15 


CH-3L 


CH-3L Analog input channel 


(DIFF and Single Ended) 


-16 


Analog Ground 


Analog Ground 




-17 


CH-3H 


CH-3H Analog input channel 


(DIFF only) 


-18 


Analog Ground 


Analog Ground 




-19 


CH-4L 


CH-4L Analog input channel 


(DIFF and Single Ended) 


-20 


Analog Ground 


Analog Ground 




-21 


CH-4H 


CH-4H Analog input channel ( 


(DIFF only) 


-22 


Analog Ground 


Analog Ground 




-23 


CH-5L 


CH-5L Analog input channel ( 


(DIFF and Single Ended) 


-24 


Analog Ground 


Analog Ground 




-25 


CH-5H 


CH-5H Analog input channel ( 


(DIFF only) 


-26 


Analog Ground 


Analog Ground 




-27 


CH-6L 


CH-6L Analog input channel ( 


DIFF and Single Ended) 


-28 


Analog Ground 


Analog Ground 




-29 


CH-6H 


CH-6H Analog input channel ( 


DIFF only) 


-30 


Analog Ground 


Analog Ground 





A-5 



Pin 
No, 

-31 

-32 
-33 
-34 
-35 
-36 
-37 
-38 
-39 
-40 
-41 
-42 
-43 
-44 



Name 

CH-7L 

Analog Ground 
CH-7H 

Analog Ground 
CH-8L 

Analog Ground 
CH-8H 

Analog Ground 
Not used 
Not used 
Not used 
Not used 

Not used 



Name P'unction 



CH-7L Analog input channel (DIFF and Single Ended) 

Analog Ground 

CH-7H Analog input channel (DIFF only) 

Analog Ground 

CH-8L Analog input channel (DIFF and Single Ended) 

Analog Ground 

CH-8H Analog input channel (DIFF only) 

Analog Ground 

Not used 

Not used 

Not used 

Not used 

Analog output to ADCM 

Not used 
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APPENDIX B: SPECIFICATIONS 



GAIN AND ACCURACY 

Voltage Gain 

Accuracy 

Gain Temp. Coefficient 

INPUT SPECIFICATIONS 



+1 or +10 
±0.01% of F.S. 
± 10 PPM/°C 



Signal Voltage 

Maximum Source Impedance 

Common Mode Voltage 
Plus Signal Voltage 

Absolute Maximum 

"ON" CHANNEL SPECIFICATIONS 

Switch Impedance 
Input Impedance 
Common Mode Rejection 

"OFF" CHANNEL SPECIFICATIONS 



± 10 V or ± 1 V 
1 K ohms 
±10 V 

±15 V 



500 ohms (typical) 
109 ohms, 80 pF 
80 dB, to 60 Hz 



Impedance 10^^ ohms, 4 pF 

Note: All switches open when power is turned off. 



OUTPUT SPECIFICATIONS 

Output Voltage Range 
Output Current 
Output Impedance 
Voltage Drift 



±10 V 
100 mA 
20 ohms 

±50/uV/°C 
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DYNAMIC RESPONSE 



Frequency Response 

Accuracy of 0. 01% 
Accuracy of 0. 1% 



Tracking error with F.S. peak-to-peak sine wave 
applied to a single ON channel. IK source 
impedance. 

250 Hz 

2500 Hz 



CROSS TALK 



ON Channel IK to ground 



< 1 mV. F.S. peak-to-peak 1 kHz sine wave applied 
to 15 OFF channels. 



SETTLING TIME 



To 0. 01% of 10 volts 



10 microseconds (switching between two channels 
with dc voltage of +10 V and -10 V on each channel 
respectively). 



DIGITAL OUTPUTS 



End of Scan 



Control Flip-Flop 



Low true signal which begins when ADC starts to 
convert the data for the " Last Channel" of the 
Multipl(3xer Sequential Mode, and ends when the 
ADC starts to convert the next time. Held high 
when th3 Multiplexer is in the Random Mode. 
Fanout 10 logic loads. Maximum capacitive load, 
1000 pF. 

R-S flip-flop which is set high true by EXC 03YY, 
and is reset by EXC OYY, EXC OlYY, EXC 02 YY, 
or System Clear. Also may be wire-ORed and 
reset by pulling down the output. IK pull-up to 
+5 V. Available fanout, 30 logic loads. Maximum 
capacitive load 100 pF. 



TEMPERATURE RANGE 



Specification 

Operating 

Storage 



0°C to 5 0°C 
-25 °C to 70°C 
-55 °C to 100 °C 
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POWER 

+5 Vdc ± 5%; 725 mA 
± 15 Vdc =t 3%; 15 mA 
+22 Vdc ±5%; 10 mA 
-22 Vdc ±5%; 5 mA 

PHYSICAL CHARACTERISTICS 

Dimensions One printed circuit board 7-3/4 x 12 x 1/2 inches 

Connectors Two 44-terminal card edge connectors 

One 122-terminal card edge connector 
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APPENDIX C: SCHEMATICS, ASSEMBLIES, 

PARTS LIST 



Modular Multiplexer 03-950115 (2 Sheets) 
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Schematic 
Reference 

Ql 

Q2,Q3 

Q4,Q5 

Al 

A2,A3 

A4 

CI 

C2-9, 12-18, 

21-23 

CIO, 11 

C19 

C20 

C25 

IC6,11,16,21, 

26,31,36,41 

IC9,25,30 

IC7,9,25,30, 

33, 39 

IC35 

IC40 

IC5 

IC10,18,44 

IC4,17,29 

IC22,24 

IC27,28 

IC12,37,45 

IC13 

IC14,38,43 

IC15A&B, 

IC19A&B, 

IC23A&B, 

IC32A&B, 

IC42A&B 

IC3 

JPR1,C,D 

IC34 

IC8,20 

R28 

R14, 19 

R4 

R5,6,7,8,9, 

10,11,12,13, 

14,38,39 

Rl, 2, 3, 15, 18, 

37,40 

R20 

R41-48 

R49,R50 



Modular Multiplexer, 950117 

Description 

Transistor, 2N3906 
Transistor, 2N3904 
Transistor, U1897E 
Amplifier, 310H 
Amplifier, 2605 
Amplifier, NH0002C 
Cap, MICA 1000 Pf 

Cap, Cer, 1 uf, 50 V 
Cap, Elect, 100 ^f, 25 V 
Cap, MICA 5 pf 
Cap, Cer, 51 pf, 500 V 
Cap, Cer, 4700 pf, 200 V 



Varian 



IC Element DC 172 


IC Element 7404N 


IC Element 946 


IC Element 7430 N 


IC Element 7440N 


IC Element 944 


IC Element 7474N 


IC Element 7475 


IC Element 7485 


IC Element 8281 


IC Element 9301 


IC Element 74155 


IC Element 7402N 



IC Element 75451 

IC Element 7416 

Wire, Bus, Bare, #24 Awg 

IC Element 7438 

IC Element 7400 

Res, FXD, Comp, 100S2, JW, 5% 

Res, FXD, Comp, 18012, iW, 5% 

Res, FXD, Comp, 22 0_, Jw, 5% 



Res, FXD, Comp, 1 K, JW, 5% 

Res, FXD, Comp, 5.6 K, JW, 5% 
Res, FXD, Comp, 30 K, JW, 5% 
Res, FXD Comp, 510S2, iW, 5% 
Res, FXD Comp, 390S2, iW, 5% 



¥ O-JL XCI.XX 

Part No. 


Schematic 
Reference 


62-903 906 




62-903 904 


R21,26,30 


62-798 125 


R26 


62-600 212 


R34 


62-600 203 


R25,35 


62-600 185 


R23,32 


41-159 599 


R27 




R29 


41-228 009 


R22,24,31,33 


41-506 258 


R16 


41-159 505 


CR1,3,4 


41-205 860 


CR2 


41-229 947 


TP1-TP6 




C19 


62-600 261 


R24,33 


62-600 013 


R22,31 


62-600 303 




62-600 359 




62-600 310 




62-600 306 




62-600 365 




62-600 351 




62-600 338 




62-600 864 




62-600 400 




62-600 271 




62-600 356 





Modular Multiplexer, 950117 (Cont'd) 



Description 



62-600 260 
62-600 019 
81-099 924 
62-600 294 
62-600 355 
32-301 310 
32-301 318 
32-301 322 



32-301 410 

32-301 456 
32-301 530 
32-301 351 
32-301 339 



Res, MF, 3.16 K, JW, 1 
Res, MF, 6.34 K, JW, 1 
Res, MF, 10 K, JW, 1% 
Res, Var, W.W. 200n 
Res, Var, W.W. IK 
Res, Var, W.W. 50 K 
Res, MF 10 K, 1% 
Res, MF 750S2, 1% 
Diode, 1N914 
Diode 1N5711 
Terminal 

Cap, MICA - 110 pf 
Res, MF - 50 K, .1% 
Res, MF - 5 K, .1% 



Varian 
Part No. 



31-224 316 
31-224 634 
31-225 100 
37-577 310 
37-577 311 
37-577 315 
31-239 033 
31-223 750 
66-304 148 
66-981 101 
16-229 862 
41-159 564 
31-239 064 
31-239 Oil 
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1. INTRODUCTION 

1.1 GENERAL 

The Digital Input Module (DIM) is a hardware option which provides digital inputs 
to Varian 620 and V73 series computers. The module can be configured in either 
a mixed analog and digital system or a digital-only system. 

The DIM is not a freestanding module; it requires various control functions from 
other modules. In a digital-only system, the DIM is supplied with abridged vers- 
ions of the Varian Analog-to-Digital Converter (ADC) and Multiplexer (MUX) 
modules, which provide the necessary control logic. In a mixed analog and digital 
system, the DIM utilizes the control functions of standard ADC and MUX modules. 
An existing analog input system can be easily expanded, therefore, to accommodate 
both analog and digital inputs. 

For details regarding the control functions supplied by the ADC and MUX modules, 
refer to the ADCM User's Guide (Publication No. 03-996 806) and High-Level 
Multiplexer User's Guide (Publication No. 03-996 807). 

Each DIM provides four 16-bit digital input registers. Expansion to as many 
as 256 input registers is possible, since up to 64 DIMs can utilize a single pair 
of control cards. 

Simple installation procedures allow the DIM to be installed either at the factory 
or on-site at the user's facility. A comprehensive software test package is provided 
with the DIM for post- installation checkout of its operational status. In addition, 
the module is fully supported by standard Varian software and input/output options. 
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1.2 FUNCTIONAL DESCRIPTION 

Figure 1-1 illustrates the functional elements included in a complete digital input 
system. These elements are packaged on three plug-in printed circuit boards. 
Those elements contained on the ADC control card are shown in the dotted portion 
of the figure; the elements contained on the MUX control card are shown in the 
diagonally striped portion of the figui'e; the unshaded area of the figure represents 
the elements contained on a DIM card. 

Device Address 

Each DIM requires two device addresses, which are set when the module is in- 
stalled. The device addresses are used by the computer to select a particular 
DIM for operation. The addresses are actually assigned to the ADC and MUX 
cards which control the DIM and through which the DIM is accessed. Typically, 
the ADC is assigned device address 60 octal, and the MUX is assigned address 
61 octal. The MUX contains the device address decode logic. 

Channel Selection 

DIM channels can be selected in either sequential or random mode via the MUX control 
card. The mode of channel selection is specified by the computer program using 
a standard assembly language instruction. In sequential mode, the channel address 
decode logic on the MUX control card automatically increments from channel 
address 1 to the final address prescinbed by the program. In random mode, the 
DIM channel address is specified by the program. This mode permits the select- 
ion of DIM channels in any sequence,, 

End-Of-Scan Sense 

The program can determine when a sequential channel selection operation is com- 
plete by issuing a Sense instruction that selects the End-of-Scan Sense input line 
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on the MUX control card. This line is logically true when the channel address 
decode logic selects the final channel address in a sequential operation. 

Data Transfer 

An internally-generated strobe signal automatically transfers data from the external 
source to a DIM storage register at 20-microsecond intervals. Optionally, the 
DIM can be wired to accept an external strobe from the data source. 

Data transfers from DIM storage registers to the computer can be performed under 
program control or under control of the optional Buffer Interlace Controller 
(BIC). When operating under program control, data transfers are initiated by the 
computer and are executed under input instruction control. When operating with a 
BIC, data transfers are initiated by the computer and executed without input 
instruction control. The BIC permits automatic, high or low speed, block data 
transfers from the DIM to computer memory without disturbing the sequence of 
the main program. 

Programmable Timer 

A programmable timer is contained on the ADC control card. The timer provides 
a train of pulses in which the interval between pulses is determined by a data word 
that is loaded into the timer by the computer program. An internal crystal- 
controlled oscillator provides the time base used by the timer; there is also a 
provision for an external signal to be used as the time base. With the standard 
internal oscillator, the timer pulse can be varied between 1 microsecond and 65 
milliseconds with a resolution of 1 microsecond. The programmable timer can 
be especially useful in setting the rate of sampling of input channels. 
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Figure 1-1. Digital Input System Block Diagram 
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2. PROGRAMMING 

2.1 INTRODUCTION 

This section describes Assembly Language programming techniques for operating 
the DIM and presents instructions for using the software test package for module 
checkout. More detailed programming information may be found in the 620 series 
and V73 system handbooks. 

A program is able to direct DIM operation in the following ways: 

Sets mode of channel selection. 

Outputs channel select codes. 

Tests for end-of-scan in sequential mode. 

Transfers data from digital input registers. 

Sets interval for programmable timer. 

Enables operation under BIG control. 

Note that these programmed features deal primarily with the ADC and MUX 
modules which provide control functions for the DIM. Further information re- 
garding these programmed functions is given in the User's Guides for the ADC and 
MUX modules. Also the ADC driver programs, which are described in the ADC 
User's Guide, may be used with the DIM. 

Table 2-1 provides a summary of the basic assembly language instruction set 
used with the DIM. 
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Table 2-1. DIM Assembly Language Instruction Set 



Instruction 


EXC 


OOYY 


EXC 


OlYY 


EXC 


02YY 


SEN 


OOYY 


OAR 


OYY 


OBR 


OYY 


OME 


OYY 


EXC 


OOXX 


EXC 


OIXX 


EXC 


02XX 


EXC 


03XX 


SEN 


OOXX 


SEN 


OIXX 


SEN 


02XX 


OAR 


OXX 


OBR 


OXX 


OME 


OXX 


CIA 


OXX 


CIB 


OXX 


INA 


OXX 


INB 


OXX 


IME 


OXX 



Description 



Connects MUX control module to BIC. 

Selects Random Scan Mode. 

Selects Sequential Scan Mode. 

Senses End of Sequential Scan. 

Outputs channel select code from the A register. 

Outputs channel select code from the B register. 

Outputs channel select code from memory. 

Connects ADC control module to BIC. 

Starts data input under program control. 

Enables DIM for start from external pulse or timer 
pulse. 

Disables external pulses when starting the DIM under 
program control. 

Senses DIM Data Ready. 

Senses timer interval pulse. 

Utility sense input. Can be used to sense external 
start. 

Outputs timer interval word from register A. 

Outputs tmer interval word from register B. 

Outputs timer interval word from memory. 

Clears A register and inputs DIM data to A. 

Clears B register and inputs DIM data to B. 

Inputs DIM data to A register. 

Inputs DIM data to B register. 

Inputs DIIVE data to memory. 



Note: YY is the device address for the MUX control module. 
XX is the device address for the ADC control module. 
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2.2 CBIANNEL SELECTION MODE 

A program specifies the mode of channel selection with an EXC instruction. 
Sequential channel selection is specified with an EXC 02YY instruction, where YY 
is the device address of the MUX control card. Random channel selection is specified 
with an EXC OlYY instruction. 

2. 3 CHANNEL SELECT CODE TRANSFER 



A program specifies the DIM input channel which is to be selected by means of an 
eight-bit channel select code. (Channels are numbered from 1 to 256.) This code 
may be transferred from the computer's A or B register or from memory to the 
MUX control card by means of a standard data-transfer-out operation. Transfer 
of the channel select code is accomplished with one of the following instructions: 

OAR OYY Load device YY from A register 
OBR OYY Load device YY from B register 

OME OYY Load device YY from memory 

where YY is the device address of the MUX control card. 

In sequential mode, only the channel select code for the final channel address is 
sent to the MUX; all select codes from channel address 1 to the final address are 
generated automatically once the sequence has begun. 

In random mode, each selection of a channel requires a separate data-transfer-out 
of the appropriate channel select code. The data transfer operation may be under 
program control or BIC control. 

2.4 END-OF-SCAN SENSE 

The program can test the status of a sequential channel selection to determine if 

the final channel has been selected (end-of-scan). It does this by executing SEN OYY, 
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where YY is the device address of the MUX control card. A true level on the com- 
puter's sense input line, SERX-I, indicates that the DIM has completed its scan. 
If the computer does not intervene, the DIM will return to channel 1 and continue 
its scanning sequence. 

2.5 BIC ENABLE 

The BIC option can be used either to output a block of random channel addresses 
from memory to the DIM or to input a block of sequential or single -channel read- 
ings from the DIM to memory. If it is desirable to perform both of these operat- 
ions under BIC control, two BICs are required. 

The MUX control card is used to output random channel addresses via the BIC. 
In this case, the program enables the MUX to operate under BIC control by an 
EXC OYY instruction, where YY is the MUX control card's device address. This 
sets the MUX to random mode and establishes the connection to the BIC so that 
random channel addresses may be passed to the MUX from memory via the BIC. 

The ADC control card is used with the BIC to input a block of DIM readings from 
sequential channels. In this case, an EXC OXX instruction is used to connect the 
DIM to the BIC; XX is the device add]'ess of the ADC control card. 

2 . 6 TIMER INTERVAL PROGRAM MING 

The timer on the ADC control card may be programmed to provide a single pulse 
after a predefined delay or a train of pulses at a predefined frequency. This is 
accomplished by outputting the desired pulse interval value to the timer register. 

The defined value for the pulse inter\al is transmitted from the computer to the 
timer register as a 16 -bit number (less than or equal to 65535]^q). The timer 
decrements this number at the rate of one count per miscrosecond and issues an 
output pulse when the count reaches zero. In continuous mode, the timer auto- 
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matically reloads to the value in the buffer register and begins a new cycle. In 
single cycle mode, the next cycle must be initiated by an external signal. The 
timer mode is prewired to user specifications, but may be changed after instal- 
lation. 

The pulse interval may be loaded into the timer buffer register either directly 
from memory or via the computer's input/output registers. One of three state- 
ments is used to load the timer buffer register: 

OAR OXX Output value from A Register to buffer register 
OBR OXX Output value from B Register to buffer register 
OME OXX Output value from memory to buffer register 

where XX is the ADC control card's device address. 

The status of the timer can be sensed by issuing a SEN OIXX instruction. A true 
sense response on Sense line 1 indicates that the timer has decremented to zero; 
a false level indicates that it has not. The timer continues operation whether or 
not the sense line is sampled. The line is automatically reset to false as soon as 
it has been sensed true. 

2.7 DATA TRANSFER 

Data is transferred from the DIM input registers to the computer using any of the 
standard input instructions INA, INB, CIA, CIB, or IME. Data is read from ADC 
device address (OXX). Note that in a combined analog and digital system, all 
data is received from the ADC device address. 

2.8 PROGRAMMING EXAMPLES 

The following examples illustrate typical sequences of program instructions which 
may be used to direct DIM operation. The examples assume device address 60 octal 
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for the ADC control card and device? address 61 octal for the MUX control card. 

Ex ample 1 - Random Selection U ml (jr_Pr )gram Control 

In this example, a set of random channel numbers is used to select DIM chainels. 
The channel numbers are transfer- ed from an array in memory, and the result- 
ing input values from the seleov-i ch-nnrls are stored in another array in memory. 
Note that a Sense instruction is used lo check for data ready before reading each 
input channel. This is necessarv ' in- ^- the hardwtire requires tppr ox' mutely 20 
microseconds to advance to a new random channel, and this delay is not provided 
by the program code. 



EANl 



LOOP 



READ 



LDB 


INPT 


LDX 


CHAN 


EXC 


0360 


EXC 


0161 


CIA 


060 


LDA 


0,1 


OAR 


061 


EXC 


0160 


SEN 


060, READ 


NOP 




JMP 


LOOP 


CIA 


060 


STA 


0,2 


IBR 


"\ 


IXR 




TXA 




SUB 


WRDS 


SUB 


CIIAN J 



I ,oa(! First Word Address of Input Data Array. 

Lond Fir 't Word Address Chnnnel Kumber 
Array. 

Lock Out External Start on DIM. 

Select Random Mode. 

Clear Data Ready Flag. 

Load First Channel Number. 

Output Channel Number to DIM. 

Request Input. 



Not Ready. 
Read Input Data. 
Store Data in Array, 



) Check If All Values Have Been Read, 
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JAN 




HLT 


CHAN 


DATA 


INPT 


DATA 


WRDS 


DATA 



RANI 



XXX 



XXX 



XXX 



First Word Address of Channel Number 
Array. 

First Word Address of Input Data Array. 

Number of Data Words. 



Example 2 - Sequential Selection Under Program Control 

In this example, DIM input channels are selected sequentially from channel 1 to 
the channel number specified by the program. The input values are stored in an 
array in memory, and the scan is terminated when the desired number of values 
have been read. 





LDX 


INPT 




EXC 


0360 




EXC 


0261 




CIA 


060 




LDA 


LAST 




OAR 


061 


SEQl 


EXC 


0160 


LOOP - 


SEN 
NOP 


060, R 




JMP 


LOOP 


READ 


CIA 


060 




STA 


0,1 




IXR 






TXA 






SUB 


WRDS 




SUB 


INPT 




JAN 


SEQl 



Load First Word Address of Input Array. 

Lock Out External Starts. 

Select Sequential Mode. 

Clear Data Ready Flag. 

Load Last Channel Number. 

Output Last Channel Number. 

Request Input from Channel. 



060, READ Check if Data Ready. 



Not Ready. 
Read Input Data. 
Store Data in Array. 



Check If All Values Have Been Read. 



y 
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HLT 




INPT 


DATA 


XXX 


WRDS 


DATA 


XXX 


LAST 


DATA 


XXX 



First Word Address Of Input Data Array,, 
Number of Data Words. 
Last Channel Number. 



2.9 DIM TEST PROGRAMS 

A set of test programs is provided for checkout of the DIM and its ADC and MUX 
control cards. Four of these programs, which test the ADC and MUX control 
cards, are described in the ADC User's Guide. These test programs are numbered 
1, 2, 3, and 6. An additional test program, number 7, is designed specifically for 
DIM checkout. Test 7 is described i;i this manual. 

Program loading and selection procedures, as well as sense switch conventions, 
are described in the ADC User's Guide. 

Test 7 — Digital Input Test 

This test is designed to check out one DIM card in both random and sequential 
modes. The test requires the installation of a special test shoe, which can be 
purchased from Varian (Part No. 03-950329). The test shoe provides a known 16- 
bit word as input to two of the DIM registers, while the other two registers not 
currently on the test shoe will be unaffected and will read the last strobed-in 
value. A three -position toggle switch on test shoe gives the ones complement of 
the output to each of the two registers as shown in Table 2-2. 
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Table 2-2. DIM Test Shoe Output 



Channel 
Number 


Jl 




J2 




Switch Setting 


S^^ itch Setting 




A 


Off 


B 


A 


Off 


B 


1 + 4n 


N/A 


N/A 


N/A 


0114631 


N/A 


0063146 


2 + 4n 


N/A 


N/A 


N/A 


0063146 


N/A 


0114631 


3 + 4n 


0114631 





0063146 


N/A 





N/A 


4 + 4n 


0063146 





0114631 


N/A 





N/A 




Where, r 


I = integer to 63 









The test exercises each column in the table in both sequential and random modes. 

After the test is selected, the program prints: 

DIM TEST 

ENTER CHANNEL NO? 

In response to this message, the user should enter the first channel number of the 
DIM card being tested. The channel number must be the value (1 + 4n) where n 
is an integer from to 63; otherwise, the program will request the number again. 

After the channel has been selected, the test program issues a series of requests 
to place the test shoe on Jl and J2 and to set the test shoe switch to position A or 
B. After complying with each request, the user types a period to initiate the test. 

Note that it is important to set the test shoe toggle switch to OFF prior to removing 
the test shoe from Jl or J2. This causes the associated registers to be cleared. 

The program checks the sequential mode of operation by reading all channels 
sequentially, beginning with channel number 1. The program first checks all channels 
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except the block of four for which the test has been requested to insure that neither 
test pattern is present on any channel. If either of these readings is found, the 
program prints the channel number and reading. 

The program then checks the block of four channels requested by the user. Each 
is read and the input data is checked according the appropriate column of Table 2-2. 
If any error is detected, all four channel numbers and readings are printed. 

After the sequential test, the program checks the random mode of operation. In 
this check, the four channels of interest are read and compared against the 
appropriate column of the table. If any error is detected, all four channel numbers 
and readings are printed. 

If no errors are found in either the sequential or random check, "OK" is printed, 
and the test is repeated for the next column in the table. All four A/B columns 
of the table are tested in sequence and then control is returned to the test selection 
statement. 

If sense switch 2 is set, the test wiE loop on the same column after a period is 
entered following the test shoe connection request. 
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3. THEORY OF OPERATION 

3.1 GENERAL SYSTEM DESCRIPTION 

The Digital Input Module operates in close conjunction with the ADC module. From 
the computer's standpoint, multiplexer channels are selected and 16 -bit data words 
are acquired with no distinction as to whether a given channel contains analog or 
digital raw data. 

If the DIM determines that one of its own channels is selected when a data input sequence 

begins at the ADC device address, it prevents the ADC from gating data to the 

E-bus and substitutes its own 16-bit data word to the E-bus. Therefore, if CDS 

is true (H) at device 29 pin 4, when ENABLE goes true (L^- H) it clocks flip-flop 

29 pin 5 (L) which forces ENABLE false (L) at PI pin 83. ENABLE must be true 

(H) for ADC data to be gated to the E-bus. A zero level (L) at pin 11 of devices 6, 

12, 18, and 24 gates the 16-bit data word of the selected DIM channel to the E-bus. 

The CARD SELECT logic designed to compare the 6-bit code composed of signals 

C, D, E, F, G, and H (defined as "variable") with the 6-bit code composed of signals 

CL-C, CL-D, CL-E, CL-F, CL-G, and CL-H (defined as "fixed"). 

CARD SELECT is true (1) if either A or B is true and the variable code is the same 
as the fixed code, or (2) if both A and B are false and the variable code is one count 
greater than the fixed code. 

When the Multiplexer module is operated in sequential mode, the "variable" channel 
address code changes each time the ADC BUSY signal goes true. In analog systems 
the signal information of the previous channel is retained for the ADC by the sample 
and hold circuit. Similarly, the DIM holds the A, B, and CARD SELECT signals 
with device 4 (see schematic 03-950354). 
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The DIM also contains a storage register (devices 5, 11, 17, and 23) which holds 
the 16 -bit data word steady and uncharged while the data is gated to the computer 
E-bus. For example, if CPl should occur just prior to DTIS, the TRACK signal 
v/ould remain true and the computer would receive the 16 -bits entered by that CPl 
(L->- H) transition. If CPl should occur during DTIS, the TRACK signal would have 
already been clocked false by the leadj ng edge of DTIS and the computer would 
receive the 16-bits entered by the last CPl that occurred just prior to DTIS. 

3.2 INPUT MODULE DESCRIPTION 



Each DIM register is composed of four identical input devices. This basic input 
device (see Figure 3-1) provides four D-type flip-flops which operate synchronously 
from a common clock. 

A three-state output facilitates usage of the device in a bus-organized system. The 
outputs can be wired directly to outputs of other devices without encountering the 
problems normally met with "collector-ORing" TTL circuits. This is accomplished 
by gating the normally low impedance logical "1" or logical "0" output into a high 
impedance state. 

The high impedance state occurs on all outputs of all devices except the four outputs 
of the device selected. The result is that the selected device has a normal TTL low 
impedance output providing good capaoitive drive capability and waveform integrity, 
especially during the transition from a logical "0" to logical "1". The other outputs 
are all in the "third-state" and take only a small amount of leakage current from the 
driving outputs. 

The following logic levels control the device: 

• Clocking occurs on the positive-going transistion. 

• Clearing is enabled by taking the input to a logical "1" level, 

• Outputs are placed in the "third-state" if either of the two Output 
Disable inputs is taken to a logical "1" level. 
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If either of the two Data Input Disable inputs is a logical "1" level, 
the flip-flops will remain in their previous state when clocked. 



INPUT A O 



DATA INPUT DISABLES 



OUTPUT DISABLES 



INPUT B O 



INPUT CO 



INPUT O 




DATA DATA 
INPUT INPUT INPUT INPUT INPUT INPUT 
Vcc CtEAR A B C DISABLE DISABLE 




OUTPUT OUTPUT OUT A OUT B OUT C OUT D CP GND 
DISABLE DISABLE 



Figure 3-1. Input Device Functional Diagram 
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4. INSTALLATION 

4.1 PREREQUISTIES 

Each DIM requires one card slot in either the mainframe or Memory Expansion/ 
Peripheral Controller frame. The ADC and MUX control cards each require an 
additional card slot. No special slots are reserved for these cards, and their loca- 
tion in the frame is determined solely by considerations of convenience in backplane 
wiring. 

For additional information on installation of the ADC and MUX cards, refer to the 
User's Guides for those modules. 

4.2 INSTALLATION AND INTERCONNECTION 

A DIM is installed vertically with its component side to the left in 620/i and 620/L 
computers, and horizontally with its component side up in the 620/f computer. The 
card is installed with the double pin edge pointing toward the installer. 

Figure 4-1 illustrates a typical digital input installation, including a DIM with ADC 
and MUX control cards. Note that in a mixed analog and digital system, an analog 
power supply would also be required. 

Connection to the computer I/O bus and the BIC option B-bus is provided through 
backplane wiring. Pin assignments for the I/O bus and B^bus are listed in the 
appendices of the ADC and MUX User's Guides. 

Device Address Wiring 

In a standard configuration, the DIM's ADC control card is assigned device address 
60^ and the MUX control card is assigned device address 61g. The jumper connections 
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for wiring these addresses are listed in Table 4-1. 



COMPUTER OR EXPANSION CHASSIS 




CABLES TO USER DEVICE 



Figure 4-1. Tj^ioal Module Installation 



Table 4-1. ADC And MUX Device Address Wiring 



Signal Name 


ADC 


EB-0 


Pl-(55 


EB-1 


Pl-(58 


EB-2 


Pl-71 


EB-0 




EB-1 




EB-2 




EB-3 




EB-4 





to ADC 


MUX to MUX 


PI -66 






Pl-69 






Pl-72 








Pl-64 


Pl-66 




Pl-68 


Pl-69 




Pl-71 


Pl-72 




Pl-74 


Pl-75 




Pl-76 


Pl-78 
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Card/Channel Selection Wiring 

Tables 4-2 through 4-4 list the jumper connections required for preparing the MUX 
control card and DIM modules for card and channel selection. 

Table 4-2 lists the daisy chain wirewrap connections for attaching multiple DIM 
cards to the MUX control card. 



Table 4-2. Daisy Chain Wirewrap Connections for 
MUX And DIM Modules 



Signal 



Blanking 
Chan Sel-A 
Chan Sel-B 
Chan Sel-C 
Chan Sel-D 
Card Sel-E 
Card Sel-F 
Card Sel-G 
Card Sel-H* 



MUX 



to 



DIMl 



to 



to 



DIMn 



PI -42 

Pl-86 

Pl-85 

Pl-84 

Pl-102 

Pl-104 

Pl-105 

Pl-90 

Pl-92 



PI -42 

Pl-86 

Pl-85 

Pl-84 

Pl-102 

Pl-104 

Pl-105 

Pl-90 

Pl-92 



PI -42 

Pl-86 

Pl-85 

Pl-84 

Pl-102 

Pl-104 

Pl-105 

Pl-90 

Pl-92 



Pl-42 

Pl-86 

Pl-85 

Pl-84 

Pl-102 

Pl-104 

Pl-105 

Pl-90 

Pl-92 



*Card Sel-H must be inverted to operate modules 
with channel addresses above 128. 



Signal 



Card Sel-H 
H-Inverted 



(Any slot below 
chan 129) 



to 



(Any slot above 
chan 128) 



to 



(Any slot above 
chan 128) 



Pl-92 



Pl-83 
PI -94 to Pl-92 



Pl-83 
Pl-94 to Pl-92 



Table 4-3 lists the connections required for the ADC, MUX, and first DIM card to 
provide operation of channels 1 through 4. 
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Table 4-3. Jumper Connections for Channel Group 1-4 



Signal 


From 


To 


To 




ADC 


MUX 


DIM 


ENABLE 


Pl-83 




Pl-83 


DTIS 


Pl-89 




Pl-89 


BUSY 


Pl-75 


Pl-101 


Pl-101 


A 




Pl-86 


Pl-86 


B 




Pl-85 


Pl-85 


C 




PI -84 


Pl-84 


D 




Pl-102 


Pl-102 


E 




Pl-104 


Pl-104 


F 




Pl-105 


Pl-105 


G 




Pl-90 


Pl-90 


H 




Pl-92 


Pl-92 


CL-F 






Pl-93 


CL-E 






Pl-94 


CL-D 






Pl-95 


CL-C 






Pl-91 


CL-H 






Pl-78 


CL-G 






Pl-77 



Table 4-4 lists the internal connections for wiring each DIM channel address 
group. 
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Table 4-4. Wirewrap Jumpers for DIM Channel Address Groups 





Channel Group 


Pl-78 
CL-H 


Pl-77 
CL-G 


PI -9 3 
CL~F 


Pl-94 
CL-E 


Pl-95 
CL-D 


Pl-91 
CL-C 




5-8 


X 


X 


X 


X 


X 






9-12 


X 


X 


X 


X 




X 




13-16 


X 


X 


X 


X 








17-20 


X 


X 


X 




X 


X 




21-2,4 


X 


X 


X 




X 






25-28 


X 


X 


X 






X 




29-32 


X 


X 


X 










33-36 


X 


X 




X 


X 


X 




37-40 


X 


X 




X 


X 






41-44 


X 


X 




X 




X 




45-48 


X 


X 




X 








49-52 


X 


X 






X 


X 




53-56 


X 


X 






X 






57-60 


X 


X 








X 




61-64 


X 


X 












65-68 


X 




X 


X 


X 


X 




69-72 


X 




X 


X 


X 






73-76 


X 




X 


X 




X 




77-80 


X 




X 


X 








81-84 


X 




X 




X 


X 




85-88 


X 




X 




X 






89-92 


X 




X 






X 




93-96 


X 




X 










97-100 


X 






X 


X 


X 




101-104 


X 






X 


X 






105-108 


X 






X 




X 




109-112 


X 






X 






X 


indicates ground 


connection 
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Table 4-4. (Continued) 



Channel Group 


Pl-78 
CL-H 


PI -77 
CL-G 


PI -9 3 
CL-F 


Pl-94 
CL-E 


Pl-95 
CL-D 


Pl-91 
CL-C 


113-116 


X 








X 


X 


117-120 


X 








X 




121-124 


X 










X 


125-128 


X 












129-132 




X 


X 


X 


X 


X 


133-136 




X 


X 


X 


X 




137-140 




X 


X 


X 




X 


141-144 




X 


X 


X 






145-148 




X 


X 




X 


X 


149-152 




X 


X 




X 




153-156 




X 


X 






X 


157-160 




X 


X 








161-164 




X 




X 


X 


X 


165-168 




X 




X 


X 




169-172 




X 




X , 




X 


173-176 




X 




X 






177-180 




X 






X 


X 


181-184 




X 






X 




185-188 




X 








X 


189-192 




X 










193-196 






X 


X 


X 


X 


197-200 






X 


X 


X 




201-204 






X 


X 




X 


205-208 






X 


X 






209-212 






X 




X 


X 


213-216 






X 




X 





X indicates ground connection. 
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Table 4-4. (Continued) 



Channel Group 


Pl-78 
CL-H 


PI -77 
CL-G 


Pl-93 
CL-F 


Pl-94 
CL-E 


Pl-95 
CL-D 


Pl-91 
CL-C 


217-220 






X 






X 


221-224 






X 








225-228 








X 


X 


X 


229-232 








X 


X 




233-236 








X 




X 


237-240 








X 






241-244 










X 


X 


245-248 










X 




249-252 












X 


253-256 















X indicates ground connection. 
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APPENDIX A: DIM PIN ASSIGNMENTS 



Backplane Wiring 



Pin No. 


Name 


Function 


PI- 1 


Digital Ground 




2 


EBOO-I 




3 


Digital Ground 




4 


EBOl-I 




5 


Digital Ground 




6 


EB02-I 




7 


Digital Ground 




8 


EB03-I 




9 


Digital Ground 




10 


EB04-I 




11 


EB05-I 




12 


EB06-I 




13 


EB07-I 




14 


EB08-I 




15 


EB09-I 




16 


EBIO-I 




17 


EBll-I 




18 


EB12-I 




19 


EB13-I 




20 


EB14-I 




21 


EB15-I 




22 


Digital Ground 




23 


Not used 




24 


Digital Ground 




25 


Not used 




26 


Digital Ground 




27 


Not used 




28 


Digital Ground 




29 


Not used 




30 


Digital Ground 




31 


Not used 




32 


Digital Ground 




33 


Not used 




34 


Digital Ground 




35 


Not used 




36 


Digital Ground 





A-1 



Pin No. 


Name 


Function 


Pl-37 


Not used 




38 


Digital Ground 




39 


Not used 




40 


Digital Ground 




41 


Not used 




42 


Not used 




43 


Not used 




44 


Not used 




45 


Not used 




46 


Not used 




47 


Not used 




48 


Digital Ground 




49 


Not used 




50 


Not used 




51 


Digital Ground 




52 


Not used 




53 


Digital Ground 




54 


Not used 




55 


Digital Ground 




56 


Not used 




57 


Digital Ground 




58 


Not used 




59 


Digital Ground 




60 


Not used 




61 


Not used 




62 


Not used 




63 


Not used 




64 


Not used 




65 


Not used 




66 


Not used 




67 


Not used 




68 


Not used 




69 


Not used 




70 


Not used 




71 


Not used 




72 


Not used 




73 


Not used 




74 


Not used 




75 


Not used 




76 


Not used 




77 


Ground Connect 


Channel selection for group (N+1) through (N+4) 
(see Table 4-4) 



A-2 



Pin No. 



Name 



Pl-78 


Ground Connect 


79 


Not used 


80 


Not used 


81 


Not used 


82 


Not used 


83 


Not used 


84 


C 


85 


B 


86 


A 


87 


Not used 


88 


Not used 


89 


Not used 


90 


G 


91 


Ground Connect 


92 


H 


93 


Ground Connect 



94 Ground Connect 

95 Ground Connect 

96 Not used 

97 Not used 

98 Not used 

99 Not used 

100 Digital Ground 

101 Busy 

102 D 

103 Not used 

104 E 

105 F 

106 Not used 

107 Not used 

108 Not used 

109 Not used 

110 Not used 

111 Not used 

112 Not used 

113 Not used 

114 Not used 

115 Not used 



Fiinction_ 

Channel selection for group (N+1) through (N+4) 
(see Table 4-4) 



Jumper connection for wiring channel select code 
Jumper connection for wiring channel select code 
Jumper connection for wiring channel select code 



Jumper connection for wiring channel select code 

Channel selectioi- for group (N+l) through (N+4) 

(see Table 4-4) 

Jumper connection for wiring channel select code 

Channel selection for group (N+l) through (N+4) 

(see Table 4-4) 

Channel selection for group (N+l) through (N+4) 

(see Table 4-4) 

Channel selection for group (N+l) through (N+4) 

(see Table 4-4) 



Busy input from ADC Control Card 

Jumper connection for wiring channel select code 

Jumper connection for wiring channel select code 
Jumper connection for wiring channel select code 



A-3 



Pin No. 


Name 


PI -116 


Not used 


117 


Not used 


118 


+5 V 


119 


Not used 


120 


Not used 


121 


+5 V 


122 


Digital Ground 



Function 



Terminal Edge Connector Wiring 



Pin No. 



Name 



Function 



Jl-1 


Die -00 


2 


DIG -01 


3 


DIG -02 


4 


DIG -03 


5 


DIG -04 


6 


DIG-05 


7 


DIG -06 


8 


DIG -07 


9 


DIG -08 


10 


DIG -09 


11 


DIG -10 


12 


DIG -11 


13 


DIG -12 


14 


DIG-13 


15 


DIG -14 


16 


DIG -15 


17 


DID-00 


18 


DID-01 


19 


DID-02 


20 


DID-03 


21 


DID-04 


22 


DID-05 


23 


DID-06 


24 


DID-07 


25 


DID-08 


26 


DID-09 


27 


DID-10 


28 


DID-11 


29 


DID-12 



Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Inpit word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 
Input word 



Ghannel N+1 
Ghannel N+1 
Ghannel N+1 
Ghannel N+1 
Ghannel N+1 
Ghannel N+1 
Ghannel N+1 
channel N+1, 
Ghannel N+1 
Ghannel N+1 
Ghannel N+1 
Ghannel N+1 
Ghannel N+1 
Ghannel N+1 
Ghannel N+1 
Ghannel N+1 
Ghannel N+2 
Ghannel N+2 
Ghannel N+2 
Ghannel N+2 
Ghannel N+2 
Ghannel N+2 
Ghannel N+2 
Ghannel N+2 
Ghannel N+2 
Ghannel N+2 
Ghannel N+2 
Ghannel N+2 
Ghannel N+2 



bit 1 
bit 2 
bit 3 
bit 4 
bit 5 
bit 6 
bit 7 
bit 8 
bit 9 
bit 10 
bit 11 
bit 12 
bit 13 
bit 14 
bit 15 
bit 16 
bit 1 
bit 2 
bit 3 
bit 4 
bit 5 
bite 
bit 7 
bit 8 
bit 9 
bit 10 
bit 11 
bit 12 
bit 13 
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Pin No. 



Name 



Function 



J 1-30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

J 2-1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 



DID-13 
DID-14 
DID-15 
Digital 
Digital 
Digital 
Digital 
Digital 
STR-C 
Digital 
Digital 
Digital 
Digital 
Digital 
STR-D 

DIA-00 
DIA-01 
DIA-02 
DIA-03 
DIA-04 
DIA-05 
DIA-06 
DIA-07 
DIA-08 
DIA-09 
DIA-10 
DIA-11 
DIA-12 
DIA-13 
DIA-14 
DIA-15 
DIB -00 
DIB-01 
DIB -02 
DIB-03 
DIB-04 
DIB -05 
DIB-06 
DIB-07 
DIB-08 
DIB -09 



Ground 
G round 
G round 
Ground 
Ground 

Ground 
Ground 
G round 
G round 
G round 



Input word Channel N+2, bit 14 
Input word Channel N+2, bit 15 
Input word Channel N+2, bit 16 



External strobe for Channel N+1 (or Ground Connect) 



External strobe for Channel N+2 (or Ground Connect) 



Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 



word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 
word 



Channel N+3 


bi 


Channel N+3 


bi 


Channel N+3, 


bi 


Channel N+3 


bi 


Channel N+3 


bi 


Channel N+3 


bi 


Channel N+3 


bi 


Channel N+3 


bi 


Channel N+3 


, bi 


Channel N+3 


, bi 


Channel N+3 


bi 


Channel N+3 


bi 


Channel N+3 


, bi 


Channel N+3 


bi 


Channel N+3 


bi 


Channel N+3 


bi 


Channel N+4 


bi 


Channel N+4 


bi 


Channel N+4 


bi 


Channel N+4 


bi 


Channel N+4 


bi 


Channel N+4 


bi 


Channel N+4 


, bi 


Channel N+4 


, bi 


Channel N+4 


, bi 


Channel N+i 


bi 



it 1 
it 2 
it 3 
it 4 
it 5 
it 6 
it 7 
it 8 
it 9 
it 10 
it 11 
it 12 
it 13 
it 14 
it 15 
it 16 
it 1 
it 2 
it 3 
it 4 
it 5 
it 6 
it 7 
it 8 
it 9 
it 10 



A-5 



Pin No. 



Name 



J2-27 


DIB-10 


28 


DIB -11 


29 


DIB-12 


30 


DIB-13 


31 


DIB-14 


32 


DIB-15 


33 


Digital Ground 


34 


Digital Ground 


35 


Digital Ground 


36 


Digital Ground 


37 


Digital Ground 


38 


STR-A 


39 


Digital Ground 


40 


Digital Ground 


41 


Digital Ground 


42 


Digital Ground 


43 


Digital Ground 


44 


STR-B 



Function 

Input word Channel N+4, bit 11 
Input word Channel N+4, bit 12 
Input word Channel N+4, bit 13 
Input word Channel N+4, bit 14 
Input word Channel N+4, bit 15 
Input word Channel N+4, bit 16 



External strobe for Channel N+3 (or Ground Connect) 



External strobe for Channel N+4 (or Ground Connect) 
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APPENDIX B: SPECIFICATIONS 



DIGITAL INPUTS 

Number 

Type 



STROBE INPUTS 

Number 

Type 



TEMPERATURE RANGE 

Specification 

Operating 

Storage 

PHYSICAL CHARACTERISTICS 

Dimensions 

Connectors 



Four 16 -bit registers. 

Low true; 1 TTL logic load plus 5.6 K ohms 
to +5 Vdc. 

Logic "1" Input = 0.0 to +0.8 Volts. 
Logic "0" Input = +2. to +5. Volts. 

Input Data Setup Time >0 nsec before (H— »-L) strobe. 
Input Data Hold Time >:100 nsec after (H— *-L) strobe, 



Four 

One logic load plus 5. 6 K ohms to +5 Vdc. 
Data is clocked into one input storage register 
on the high to low transition of its strobe 
signal. Data remains fixed as long as the 
strobe signal is high. If the strobe remains 
low for more than 20 microseconds, new data 
is automatically clocked into the storage 
register at 20 microsecond intervals. 



QO 


to 


50° C 


-lOO 


to 


70° C 


-550 


to 


85° C 



One printed circuit board 
7-3/4 X 12 X 1/2 inches. 

Two 44"terminal card edge connectors. 
One 122-terminal card edge connector. 
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APPENDIX C: SCHEMATICS, ASSEMBLIES, PARTS LIST 



Digitallnput Module 03-950354 
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DIGITAL INPUT MODULE, 950356 



Schematic 
Reference 

102,4,7,8,13,14, 

19,20,31,32,37,38, 

43,44,49,50 

106,12,18,24 

109,33,36 

IO10A,10B,16A, 

16B,25A,25B 

103 

1029 

10 5,11,17,23 

1021,27,28 

1015,22,35 

1047,48 

1042 

1041 

1046 

01-018 

019-022 

RA1-RA6,RA30,34 



Description 
10 Element 8551 



10 Element 4042 
10 Element 7402 

10 Element 75451 

10 Element 9301 

10 Element 7474 

10 Element 7475 

10 Element 936 

10 Element 946 

10 Element 8200 

10 Element 7486 

10 Element 7483 

10 Element 930 

Oapacitor, Oeramic - .Olyf 

Oapacitor, Mica - 180 pf 

Resistor Array - 5. 6 K 



Varian 
Part No. 

62-600 317 



62-600 316 
62-600 356 

62-600 260 
62-600 400 
62-600 365 
62-600 343 
62-600 309 
62-600 303 
62-600 347 
62-600 366 
62-600 373 
62-600 308 
41-228 004 
41-159 568 
03-998 Oil 
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1. INTEODUCTION 



1.1 GENERAL 

The Digital Output Module (DOM) and Digital Output Expansion Module (DOME) are 
hardware options that interface Varian 620 and V73 series computers with external 
devices which require digital data as their inputs. 

A DOM includes four functional features: 

• Digital Output Registers, which transfer digital data from the computer 

to an external device. 

Gated Inputs, which gate digital data from an external device into the 
computer. 

External Control (EXC) Interface Logic, which allows a computer pro- 
gram to control external devices via logic-signal EXC output lines. 

Sense (SEN) Interface Logic, which allows a computer program to test 
the status of external devices by sampling logic levels present on Sense 
input lines. 

A DOME, which includes digital output registers and gated inputs, is used to ex- 
pand the DOM's capability. Up to three DOMEs can be connected to each DOM. 
As many as 32 DOM and DOME modules can be attached to a single computer to 
provide the following I/O capability: 

64 Digital Output Registers - Each module (DOM or DOME) 

contains two 16-bit registers. 

32 Gated 16-bit Inputs - Each module (DOM or DOME) 

contains 16 gated inputs. 
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• 



• 



• 



64 External Control Outputs - Each DOM contains eight External 

Control output lines, 

64 Sense Inputs - Each DOM contains eight Sense 

input lines. 

Simple installation procedures allow the DOM to be installed either at the factory 
or on-site at the user's facility. A comprehensive software test package is pro- 
vided with the DOM for post-installation checkout of its operational status. In 
addition the module is fully supported by standard Varian software and input/output 
options. 

1.2 FUNCTIONAL DESCRIPTION 

All elements needed to perform the four basic DOM functions are packaged on a 
single plug-in printed circuit board. Figure 1-1 illustrates the functional elements 
included in a DOM module. A DOME contains only those elements shown in the 
shaded portion of Figure 1-1. 

Device Address 

The computer program must select a DOM by its device address before any DOM 
operation can be performed. There are eight device addresses reserved for DOMs 
(50 to 57 ). As many as four modules can be located at a single device address; 
one of the four, known as the master DOM, contains the device address decode 
logic. The other three are DOMEs which function as slaves to the DOM but provide 
the same basic capability. 

DOM Select 

An individual register or gated input must be selected by the computer program, 
using an Extended EXC (EXC2) instruction. There are eight select lines located at 
each device address; each line is enabled by the corresponding EXC2 instruction. 
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FLAG 
FLIP-FLOPS 




OUTPUT 
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> 




y^ 
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<. 
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E-BUS 
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STORE 




OUTPUT LINES 



I/0& 
BIC 
INTER- 
FACE 



DIGITAL SENSE LINES 



CONTROL LINES 
► 



STATUS LINES 



< 



DECODER 



EXTENDED DIGITAL CONTROL LINES 



Figure 1-1. Digital Output Module Block Diagram 
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The master DOM contains the Select logic. Once selected, a register or gated 
input remains selected until a different register or gated input at the same address 
is selected, until SYSTEM CLIJAR occurs, or until power is interrupted. 

Data transfers may be performed under program control or via direct memory ac- 
cess (DMA); interface logic to the required Buffer Interlace Controller (BIG) is 
provided for the DMA transfer.. 

External Control (EXC) Interface 



External Control signals, which are generated by the computer to control opera- 
tions in external devices, are (distributed to the external devices via eight EXC 
output lines. The DOM's EXC interface logics selects one of the eight output lines 
according to the contents of the function code received from the computer. The 
master DOM contains all EXC interface logic for that device address. 

Sense Interface 

The Sense multiplexer on the Digital Output Module selects one of eight sense input 
lines from external devices and gates the logic level present on that line to the 
computer. The master DOM contains all Sense interface logic for that device 
address . 



1-4 



PROGRAMMING 



2.1 INTRODUCTION 

This section describes Assembly Language programming techniques for operating 
the DOM and presents instructions for using the DOM software test package for 
module checkout. This section also describes the usage of two special driver 
programs which are supplied with the DOMo More detailed programming informa- 
tion may be found in the 620 series or V73 system handbooks, 

A program directs DOM operation in four ways: 

• Transfers data to digital output registers. 

• Reads gated inputs, 

• Distributes signals to External Control lines. 

• Checks Sense input lines. 

Note that data transfers may also be performed using the Buffer Interlace Control- 
ler (BIC) hardware option. 

2.2 DATA TRANSFER UNDER PROGRAM CONTROL 

The essential programming instructions for transferring data to a DOM output 
register are shown in Table 2-1, The instructions are given in the form of a block 
of code from a typical program. 

A digital output register is selected for a data transfer operation by means of an 
EXC2 instruction. For example, an instruction with the format EXC2 XYY selects 
register number X at device address YY, Table 2-2 shows the standard register 
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and gated input number assignments for a DOM device address. After a register 
is selected, data is transferred to it by means of an OAR, OBR, or OME 
instruction . 

Table 2-1. Instructions To Output Data Under Program Control 



Program Step 

ONE LDA J 

TWO EXC2 XYY 

THRE OAR OYY 



Function 

Load valuo of variable J into the computer 
A register. (LDB may be used instead of 
LDA.) 

Select module's register or gated input 
number X (0 to 7) at device address YY 
(50 to 57), 

Output data from A register to module at 
address YY (50 to 57). (OBR would be 
used if LDB had been used. OME could 
also be used to output data. ) 



(Time Delay Code) 

(Code to Generate Next Output Number) 
JMP ONE 



Table 2-2. Digital Register and Gated Input Number Assignments 



Module 


Register Number 


Input Number 


DOM (master) 


0,1 





DOME (first slave) 


2, a 


2 


DOME (second slave) 


4,0 


4 


DOME (third slave) 


6,7 


6 
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When an output register is selected at a particular device address, it remains 
selected until another EXC2 instruction selects a different register at the same 
device address. For example, assume the following sequence of coding: 



EXC2 
EXC2 



153 
253 



EXC2 



252 



Select Second Register on First Module at 
Device Address 53. 

Select First Register on Second Module at 
Device Address 53. This changes the selec- 
tion specified by the previous EXC2 since 
both registers are located at the same device 
address. 

Select First Register on Second Module at 
Device Address 52. This has no effect on 
the previous EXC2 instructions since the 
registers are located at different device 
addresses. 



Thus, it is possible to select one register or gated input at each DOM device 
address. The following example illustrates the selection and usage of registers 
and inputs at four different device addresses. 



EXC2 


050 


EXC2 


351 


EXC2 


453 


EXC2 


452 


LDA 


VI 


LDB 


V2 


OAR 


050 


OBR 


051 


LDA 


V3 



Select First Register on First Module at 
Device Address 50. 

Select Second Register on Second Module 
at Device Address 51. 

Select First Register on Third Module at 
Device Address 53. 

Select Gated Input on Third Module at 
Device Address 52. 

Load Variable VI into Computer Register A, 

Load Variable V2 into Computer Register B. 

Output VI to Selected Register at Device 
Address 50. 

Output V2 to Selected Register at Device 
Address 51. 

Load Variable V3 into Computer Register A. 
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OAR 053 Output Variable V3 to Selected register at 

Device Address 53, 

GIB 052 Read Selected Input at Device Address 52 

into Computer Register B. 

2.3 DATA TRANSFER WITH BUFFER INT E RLACE CONTROLLER 

The Buffer Interlace Controller (BIC) is a hai'dware option which allows the user 
to transfer a block of data to or from a periphcsral device using only one set of 
instructions. The user loads the first and last memory address location for a 
data block into special registers in the BIC; the BIC then transfers the specified 
data block to (or from) the peripheral device. 

Once a program initiates the BIC data transfer, the BIC operates in parallel to 
the computer program, stealing cycles to access data from memory via direct 
memory access. Thus, the program can proceed independently with other 
processing. 

Typically, the program instructions for initializing a BIC are coded as a separate 
subroutine. The applications program then calls this subroutine when BIC usage 
is required. Table 2-3 illustrates the coding of a BIC initialization subroutine 
and demonstrates the usage of the subroutine within an applications program. 
The sequence of operations is as follows: 

BIC Subroutine - 

1. Sense that BIC is not busy, using a standard SEN 020 instruction. The BIC 
cannot be initialized while it is busy. If busy, loop until BIC completes its 
operation. 

2. Initialize the BIC, using a standard EXC 021 instruction. 

3. Store data block's initial and final addresses in the appropriate BIC address 
registers. 

4. Enable the BIC, causing data transfer, 
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Table 2-3, Instructions To Output Data Under BIG Control 



Program Step 


Function 


BIG Subroutine - 






BIGS 


ENTR 







WAIT 


SEN 
NOP 
NOP 


020, GO 


Go when BIG not busy. 




JMP 


WAIT 




GO 


EXC 


021 


Initialize BIG, 




OME 


020, FIRST 


Set start address of memory block. 




OME 


021, LAST 


Set end address of memory block. 




EXG 


020 


Enable BIG, 




RETU* 


BIGS 




Applications Progrj 


am - 






EXG2 


0650 


Select channel. 


WAIT 


SEN 


MNN, READY 


Loop if device not ready. 




JMP 


WAIT 




READY 


CALL 


BICS 


Setup BIG. 




EXG 


050 


Connect BIG to DOM. 


TWO 


NOP 
NOP 








SEN 


020, TWO 


Check BIG not busy; return to TWOifbu 




SEN 


021, TEN 


Check for abnormal stop. 



Applications Program - 

1. Select the DOM or DOME output channel by using the appropriate EXC2 instruction. 

2. Wait until the peripheral device is ready to receive data. Sense line M at device 
address NN (50 to 57) is used to declare the device's status. Loop if the device 
is busy. 

3. Call BIC subroutine. 
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4. Connect BIC to DOM, using an EXC instruction. An EXC OYY instruction, 
where YY is the DOM device address,, is used to output data. An EXC lYY 
instruction is used to read gated input data. 

5. The sample program in Table 2-3 suspends computation while the BIC is busy 
by looping around the statements, 

TWO NOP 
NOP 

SEN 020, TWO 
until data transfer has been completed. 

6. Check for an abnormal stop; if yes, branch to suitable diagnosis or correction 
code. 

Note that the BIC initial and final register addresses may be any pair of octal num- 
bers in the range 20 through 27. Ordinarily, in systems employing more than one 
BIC, addresses 20 and 21 are assigned to the first BIC's registers; 22 and 23, 24 
and 25, and 26 and 27 are assigned to the second, third, and fourth pairs of regis- 
ters, respectively. 

2.4 GATED INPUTS 

DOM gated inputs are selected in the same manner as digital output registers, using 
EXC2 instructions. For example, the instruction EXC2 XYY selects gated input 
number X (0, 2, 4, or 6) at device address YY (50 to 57). Table 2-2 shows the 
gated input number assignments for each DOM device address. Once selected, the 
gated input at a particular device address remains selected until another EXC2 in- 
struction selects a different register or gated input at the same device address. 

After an input is selected, it is read by means of an INA, INB, IME, CIA, or CIB 
instruction. 
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2.5 EXTERNAL CONTROL 

External Control signals may be generated by a computer program to provide a 
variety of logic controls for external devices. 

The user has eight External Control lines available at each DOM. The instruction 
that causes an External Control Signal is: 

EXC XYY 

where X (0 to 7) defines one of eight External Control lines at DOM device address 
YY (50 to 57). 

The signals are also made available to the backplane connectors so that they may 
be used to control certain portions of DOM logic when required by the use of an 
option such as the BICo This use of EXC signals will depend on specific applica- 
tions of the DOM. 

A program can set, but cannot reset, an External Control signal; reset is a function 
of external hardware. As determined by external interconnections, one External 
Control signal can reset another, other external electronic components can control 
reset, or the External Control signal can reset itself (pulse operation). Several 
methods for resetting External Control output signals are discussed in this section. 
These methods illustrate how the program can use the EXC command to trigger se- 
quences of operations that have been predetermined by system hardware 
interconnection. The wiring configurations for these methods are illustrated in 
Figures 2-1 through 2-6. In all cases, some external wiring is required; the ex- 
ternal modifications for each method are shown to the right of the vertical dashed 
line in each figure. Section 3.2 discusses the circuit logic for these reset types. 

Command Sequence Reset 

By connecting the EXC-N output of one latch to the REX-M of another latch, select- 
ing the first will reset the second. This requires that the function codes in a series 
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of EXC commands always follow the sequence prescribed by the latch interconnections. 
Figure 2-1 illustrates one configuration. In this example, the command sequence 
would progress from EXC-0 to EXC- 7. 

For example, in the following sequence of instructions used with this configuration, 
one External Control line resets one other line. 

EXC 050 EXC 750 is automatically reset, EXC 050 is set, 

EXC 150 EXC 050 is automaticallj; reset, EXC 150 is set. 

EXC 250 EXC 150 is automatically reset, EXC 250 is set. 



o S 



o R 



o s 



TO REX-7 



^j>o_ — . 



t> 



> 



EXC-0 



REX-0 



EXC-1 



REX-1 



EXC-2 



Figure 2-1. Command Sequence Reset Wiring 
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Special Assignment Reset 

One latch can be assigned as the reset latch. An EXC command selecting that latch 
will then reset all other EXC latches o Figure 2-2 illustrates this configuration. 
The following sequence of program instructions used with this configuration func- 
tions as follows: 

Set EXC 050. 

Set EXC 150. 

Set EXC 250. 

EXC 050, EXC 150, and EXC 250 are automatically resets 



EXC 


050 


EXC 


150 


EXC 


250 


EXC 


750 



OS 



R Q 



D> 



R Q 



\> 



4—0 



R n 



> 



REX-5 



i' REX-6 



EXC-7 



Figure 2-2. Special Assignment Reset Wiring 



Fixed Delay Reset 



An EXC latch can reset itself, following a suitable delay provided by an RC, trans- 
mission line, or other delay circuit. Figure 2-3 illustrates a typical latch circuit 
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with an RC delay. An example of an instruction which can be used with such a 
configuration is as follows: 

050 EXC is set for nn /usee then resets itself, (nn is determined 

by delay hardware added to the EXC output. ) 

► EXC-N 



EXC 



R Q 



O 



+v 



REXN 



I>-1 



Figure 2-3. Fixed Delay Reset Wiring 
Reset Returned By Receiving Device 

The reset signal can be returned by the receivmg device as shown in Figure 2-4. 
In this case, the pulse width is determined by the cable length. This insures that 
the pulse width is great enough for proper reception, regardless of cable capacitance. 



RECEIVING 
DEVICE 



DOM 




Figure 2-4. Reset Returned By Receiving Device 
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Automatic Reset 

Connecting a REX-N output to ground will cause the EXC-N output to reset as soon 
as the EXC input to the latch goes false. In the 620/L computer, this produces a 
200 nanosecond pulse. (The pulse duration will differ for other computers. ) 
Figure 2-5 illustrates such a configuration. In this configuration, an EXC is set, 
and then reset after 200 nanoseconds. This is accomplished by making the EXC 
latch output follow the latch input, which is a 200 nanosecond pulse. Normally, 
the input pulse causes the EXC to be set "on", but the input pulse in no way in- 
fluences resetting the EXC to "off". 



— i— o 


s 

R Q 




-JN<v— 


m k> E 






-yxv-^ 


REX-N 










V 



Figure 2-5, Automatic Reset Wiring 



External Logic Reset 



In this case, the flip-flop is set by the program and reset by the external device. 
This is especially useful in passing data or control commands; the program sets 
the EXC flag to indicate that data is ready, and the external device resets it to 
acknowledge that it has received the data or that it is ready to accept additional 
data. The EXC output is connected to a Sense input as well as to the external 
device, so the program can determine that the acknowledgement has been received. 
(See Figure 2-6.) The same scheme can, of course, be used for receipt of data by 
the computer. 
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Figure 2-6. External Logic Reset Wiring 
External Control Usage With BIG 

Table 2-4 illustrates a program using External Control Line 150 to connect the 
BIC to the Digital Output Module at device address 050. As discussed in 
Section 3. 1, the execution of EXC 150 also establishes the direction of data flow 
into memory. 



2.6 SENSE LINES 

Sense lines allow the program to sense a r^ignal from an external device, and branch 
depending on whether the Sense line is true or false. 

There are eight external sense lines associated with each DOM device address. The 
command which selects a sense line is: 

SEN XYY 

X (0 to 7) defines a specific line at device address YY (50 to 57). 
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Table 2-4 illustrates three uses of the SEN statement. Statement TWO inhibits data 
transfer via the BIG until Sense line 4 at device address 50 is sensed "false". The 
other two SEN statements are BIG system commands. (See 620 series or V73 
system handbooks.) 





Table 2-4. Use of External Sense Logic 




Program Step 


Function 


WAIT 


SEN 
NOP 
NOP 


020, ONE 


Sense BIG not busy. 




JMP 


WAIT 




ONE 


EXG 


021 


Initialize BIGo 




OAR 


020 


Set start address in BIG register. 




OBR 


021 


Set end address in BIG register. 




EXG 


020 


Enable BIG 


NOP 


NOP 
NOP 






TWO 


SEN 


450, NOP 


Start data transfer when Sense line 4 at 
device address 50 is "false". Branch 
back if "true". 


FIVE 


EXG 


150 


Gonnect BIG to DOM. 




SEN 


021, TEN 


Gheck for abnormal stop. 



2.7 DOM SOFTWARE DRIVERS 

Two driver programs are supplied to provide convenient access to Digital Output 
Modules without detailed knowledge of hardware. These drivers may be used by 
themselves or embedded in an operating system. 
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The drivers and their functions are: 

PDOM - Provides programmed data transfers, either input or 
output. 

DDOM - provides direct memory transfers, either input or output. 
Note that these drivers assume the following device address assignments: 

Address (Octal) Device 

050 DOM 

020-021 BIG, No. 1 

022-023 BIG, No. 2 

024-025 BIG, No. 3 

026-027 BIG, No. 4 

If other device addresses are required, a reassembly of the drivers must be 
performed. 

Programmed Data Transfer (PDOM ) 

The programmed data traiisfer driver (PDOM) provides programmed data transfers 
to or from a selected DOM, A variable number of 16-bit words are transferred each 
time the driver is called. 

PDOM is called with the following assembly language sequence: 

GALL PDOM, DOMNR, I/O SELEGT, NUM, STRT ADDR, ERROR EXIT 

All entries in the calling sequence are either direct addresses or indirect addresses 
which point to the actual arguments. Multiple levels of indirect addresses are 
permitted. The arguments are defined as follows: 

DOMNR - An integer value which specifies the DOM register or input to be 
selected. The range of DOMNR must be between 1 and 64, inclusive; 
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otherwise control passes to ERROR EXIT. The DOMNR arguments correspond 
to the actual device address codes as follows: 

DOMNR Device Address 

1 050 

2 150 

3 250 

• • 

• • 
9 051 

• • 

64 757 

I/O SELECT - A pointer to the location of an I/O select code. The select 
code must be a one (1) which specifies input, or a zero (0) which specifies 
output. Note that the DOM hardware provides 32 input channels and 64 out- 
put channels. The DOMNR argument must be an odd number (1, 3, 5, 7, 
etc.) when calling for input. A conflict between the DOMNR and I/O SELECT 
ar^^ments causes the driver to pass control to ERROR EXIT, 

NUM - An integer value which specifies the total number of 16-bit words to 
be transferred to or from the selected DOM. If NUM is zero or less control 
passes to ERROR EXIT. 

STRT ADDR - A pointer to the location containing the first word address of 
the input or output buffer. 
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ERROR EXIT - The actual start address of the user's error routine. Control 
is transferred to ERROR EXIT when illegal input arguments are detected. 

Appendix C contains a sample program which illustrates the use of PDOM, 

Direct Memory Data Transfer 

Two programs, DDOM and SDOM, are provided to utilize the BIG to transfer data 
directly from memory to a selected DOM without programmed intervention. DDOM 
and SDOM offer two advantages over PDOM; 

• Data transfer rates are not limited by software overhead. 

• The applications program is freed to work on other processes while the 
BIG supervises and controls the data transfer. 

Unlike other peripherals, DOMs do not have built-in logic to determine when the 
next data item should be transferred to them. Therefore, external hardware must 
be provided to indicate when data from memory is to be transferred to the DOM. 
This is accomphished by providing a Data Ready line at PI -73 on the computer 
backplane. The data transfer timing is completely under the control of this line, 
which is also available on Jl-9. 

In addition to this external signal, two of the eight External Gontrol outputs on the 
DOM control module must be dedicated. One jumper connects Pl-79 to PI- 74, and 
another jumper connects Pl-80 to Pl-75., The DDOM driver uses the following Ex- 
ternal Gontrol lines for this function: 

DOMNR EXG Us ed For BIG Gonnect 

Output From Memory Input to Memory 

1-8 EXG 050 EXG 150 

9-16 EXG 051 EXG 151 

17-24 EXG 052 EXG 152 

25-32 EXG 053 EXG 153 

33-40 EXG 054 EXG 154 

41-48 EXG 055 EXG 155 

49-56 EXG 056 EXG 156 

57-64 EXG 057 EXG 157 
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DTO-X and DTI-X must be wired in daisy chain fashion from each master DOM to 
its slave DOMEs. Pl-102 is wired to Pl-102 of each DOME, and Pl-63 is wired 
to Pl-63 of each DOME. Jl-5 and Jl-8 also must be grounded so that the flip- 
flops associated with EXC OXX and EXC IXX are automatically reset. 

Direct memory data transfer to a DOM is accomplished by a two-step process. 
First, DDOM is called to initiate the transfer and return control immediately. Then, 
SDOM is called at the user's convenience to determine when the transfer is completa 

DDOM Driver 

The DDOM driver is called with the following assembly language sequence: 

CALL DDOM, BICNR, DOMNR, I/O SELECT, STRT ADDR, ERROR EXIT 

All entries in the calling sequence are either direct addresses or indirect addresses 
of the actual arguments. Multiple levels of indirect addresses are permitted. The 
arguments are defined as follows: 

BICNR - An integer value which specifies the BIC to be used for data transfer. 
The range of BICNR is from 1 to 4 corresponding to BIC device addresses 
20-21 through 26-27^. A value outside the legal range causes control to 

o o 

pass to ERROR EXIT. 

DOMNR - An integer value which specifies the DOM register or input to be 
selected. The range of DOMNR must be between 1 and 64, inclusive; other- 
wise control passes to ERROR EXIT. (See PDOM driver for a description 
of DOMNR and actual device address relationship.) 

I/O SELECT - A pointer to the location of an I/O select code. The select 
code must be a one (1) which specifies input, or a zero (0) which specifies 
output. Note that the DOM hardware provides 32 input channels and 64 
output channels. The DOMNR argument must be an odd number when call- 
ing for input. A conflict between the DOMNR and I/O SELECT causes the 
driver to pass control to ERROR EXIT. 
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NUM - An integer value which specifies the total number of 16-bit words 
to be transferred to or from the selected DOM, If NUM is zero or less, 
control passes to ERROR EXIT. 

STRT ADDR - A pointer to the location containing the first word address 
of the input or output buffer. 

ERROR EXIT - The actual start address of the user's error routine. Control 
is transferred to ERROR EXIT when illegal input arguments are detected. 

Appendix C shows a sample program v^hich illustrates the use of DDOM. 

SDOM Routine 

The SDOM routine checks the status of a previously initiated direct memory data 
transfer. SDOM is called with the following assembly language sequence: 

CALL SDOM, STATUS 

The single entry in the calling sequence <;an be either a direct address or an indirect 
address which points to the actual argiiraent. The argument is defined as follows: 

STATUS - This argument receives a value of 0, 1, or 2 to indicate the 
status of the transfer operation: 

Value Meaning 

Operation not complete 

1 (])peration complete; no errors 

2 Operation aborted 

2,8 TEST PROGRAMS 

A set of test programs is provided for DOM checkout. The set consists of three 
programs which may be selected through the Maintain II Test Executive. The pro- 
grams, numbered through 3, are as follows: 
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Test No . Description 

Returns control to the Test Executive Program. 

1 Tests External Control and Sense lines, 

2 Tests registers and gated inputs. 

3 Tests BIC interface. 

These programs may be selected in any order and may be run as often as desired. 
This allows registers and inputs with different device codes to be tested. 

The minimum computer configuration on which the tests may be run is a 620 or V73 
series computer with 4 K of memory, a teletype terminal, and a DOM card. In ad- 
dition, a DOM test shoe (Part No, 03-950401) is required for running the tests. 

Supervisor Program 

A simple supervisor or test program selector is provided as part of the test package 
to allow the user to select individual tests and return control to the Test Executive 
Program, The Test Executive Program is a standard Varian software option which 
must be loaded and run prior to the initiation of the DOM test package. Instructions 
for operating this program are given in the Test Program Manual (Publication No. 
98 A 9908-960), The DOM test package is loaded through the Test Executive. 

When the Test Executive Program is running, the "L" command may be used to load 
the test package and transfer control to its supervisor. If the test package is already 
loaded, the "G500" command may be used to transfer control to the supervisor. 

When the supervisor is activated, it responds by issuing a carriage return/line feed 
and by starting to print a series of prompting messages. The user must enter a 
valid response to each message as it is printed. An invalid response causes the 
message to be repeated. The first message is: 

DIGITAL OUTPUT TEST SUPERVISOR 
ENTER DEVICE ADDRESS? 
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The user must enter the DOM device address, which is an octal number between 
050 and 057, followed by a period. The supervisor will then print: 

ENTER BIG DEVICE ADDRESS'^ 

The user must enter any of the following assigned octal numbers: 020, 022, 024, 
or 026 followed by a period. 

The DOM and BIG device addresses entered at this time will be used throughout the 
three tests, where applicable. To change device address selections, the supervisor 
must be reactivated from the Test Executive Program or run from location 500. 
After the device addresses have been entered, the supervisor will print: 

ENTER TEST NO. ? 

The user should enter any number between and 3 followed by a period. The super- 
visor will then transfer control to the selected test program, which will identify 
itself and perform its specified functions. 

Test 1 should be used for each master DOM to test the EXG and Sense logic. 

Test 2 should be used for each digital output register in the system. 

Test 3 should be used to check the BIC interface to the DOM and should be exercised 
on each digital output register that will be driven under BIG control. 

Sense Switches 

During all DOM tests, the sense switches may be used to control the mode of 
operation. The normal mode is followed when all switches are OFF; one or more 
switches may be set to control operation a& follows: 

SSI Sense switch 1 suppresses teletype printouts of test results 

and error messages. This function is useful to speed up the 
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continuous execution of a test so that an oscilloscope may be 
used to monitor signals. 

552 Sense switch 2 causes a test to repeat indefinitely without user 
intervention, 

553 Sense switch 3 terminates execution of a test and returns control 
to the supervisor. If sense switch 3 is set when the supervisor 
requests a new test number, the following message will be 
printed: 

RESET SENSE SWITCH 3 

A new test may be selected after SS3 is reset. 

Test 1 - External Control and Sense Test 

This test uses a special test shoe which must be plugged into Jl and J2 of the DOM 
card. The test checks all EXC and Sense lines on a given device address. The 
test shoe is designed to connect each EXC output to a SENSE input and to reset 
another EXC according to the following table, 

EXC output Sense Line EXC reset 

OOXX 03XX 06XX 

02XX 07XX OOXX 

04XX 05XX 02XX 

OIXX 06XX 04XX 

03XX 04XX OIXX 

05XX 02XX 03XX 

07XX OOXX 05XX 

06XX OIXX 07XX 

Therefore, at each step in the table only one of the Sense lines should be true at a 
time. All Sense lines are polled after each step and errors are reported if detected 
and if sense switch 1 is reset. 
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When the test program is activated, it wi] 1 print: 

EXTERNAL CONTROL AND SEINSE TEST 

If no errors occur during the execution of the test, the program returns control to 
the supervisor after printing the following message: 

TEST PASSED 

If errors occur during the test, one or more of the following messages will be 
printed: 

EXC OOXX OR SEN 03XX ERROR 
EXC 02XX OR SEN 07XX ERROR 
EXC 04XX OR SEN 05XX ERROR 
EXC OIXX OR SEN 06XX ERROR 
EXC 03XX OR SEN 04XX ERROR 
EXC 05XX OR SEN 02XX ERROR 
EXC 07XX OR SEN OOXX ERROR 
EXC 06XX OR SEN OIXX ERROR 

If the first error occurs, the problem may be in the address decoder logic on the 
master DOM. 

Test 2 - Register and Gated Input Test 

Each DOM card has two output registers and one 16-bit gated input channel. For 
purposes of these tests the registers and inputs at a particular device address are 
numbered as shown in Table 2-2, 

The DOM test shoe is used to connect digital output registers to the gated inputs. 
The even-numbered output register is assigned to J2-1 through 16 for bits to 15, 
respectively; the odd-numbered output register is assigned to J2-17 through 32 for 
bits to 15, respectively; a single set of input gates is assigned to Jl-29 through 
Jl-44 for bits to 15, respectively on each card. The test shoe feeds the even- 
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numbered output register directly back into the input gates with a wired- OR condition 
with the odd-numbered output register. The odd-numbered output registers are fed 
back in a scrambled form. 

The program outputs a series of 16-bit numbers to the selected output register and 
reads them back in through the input gates and unscrambles them if the odd-numbered 
register is selected. All 65, 536 different 16-bit numbers are output. The values 
are checked to see if the inputs match the original outputs. 

When the test program is activated, it will print: 

REGISTER TEST 

ENTER OUTPUT REGISTER NO 

The user should enter the appropriate number between and 7 followed by a period. 
The test program compares the inputs to the outputs and prints any readings which 
do not match. If the input and output readings match, the program prints: 

TEST PASSED 

This test runs for about 15 seconds for even-numbered registers and about 22 sec- 
onds for odd-numbered registers. The odd-numbered register tests run longer 
because the input must be unscrambled before it can be compared to the output. 
This is not required on the even-numbered register tests. 

BIG Interface Test 



This test uses the even-numbered output register and input gates on each DOM under 
BIG control to test the BIG interface. The output register is tied directly back into 
the input gates by the test shoe. 

EXG is used to provide the trap-out request by wiring PI- 74 to PI- 79. EXG 1 is 
used to provide the trap-in request by wiring PI- 75 to Pl-80. Note that these con- 
nections should be made even if the BIG is not used. 
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When the test program is activated, it prints: 

BIG INTERFACE TEST 
ENTER OUTPUT REGISTER NO 

The user must enter one of the following values: 0, 2, 4, or 6 followed by a period. 

During the test, trap-in and trap-out requests are given alternately until 20 words 
have been passed out and then back into 40 sequential memory locations. They are 
checked to see that each pair of words matches; if not, both input and output are 
listed in octal. If all 20 pairs match, the program prints: 

TEST PASSED 

The 20 words passed during the test are as follows: 

• All odd bits set (0125252^) 

o 

• All even bits set (052525^) 

o 

• Each single bit set (0100000^) 

o 

(0040000^) 



(00I3) 



• All bits reset (0 ) 

8 

• All bits set (0177777^) 



2-24 



3. I/O INTERFACE THEORY OF OPERATION 



The Digital Output Modules coordinate four types of communication between the 
computer and peripheral devices: digital data out, digital data in, External Control 
signals out, and Sense signals in. The DOM logic responsible for providing these 
four interfaces is discussed in this section. 

All communication between the DOM and the computer is conducted on the computer 
I/O bus. In the following discussion, mnemonics used to identify E-bus signals in- 
clude the suffix "I". Signals transferred between the DOM and the BIC are carried 
on the B-bus; mnemonics for these signals include the suffix "B". Refer to a Varian 
620 series or V73 system handbook and Buffer Interlace Controller Manual for de- 
tails regarding communication conducted via the computer I/O bus. 

The following discussions are keyed by letter designations to schematics and logic 
diagrams presented in Appendix Do 

3. 1 DATA TRANSFER 

Program-Controlled Data Transfer 

A data transfer operation occurs in two stages. First, the individual register or 
gated input is selected; then a data word is sent to the selected register. 

D OM Selection Stage 

The selection stage begins when the computer enters the desired device address and 
function code on E-bus lines EBOO-I through EB05-I and EB06-I through EB08-I. A 
NAND gate on the addressed master DOM decodes the device address and generates 
a Device Select signal. This is combined with the control line pulse FRYX-I (Func- 
tion Ready). The resulting signal Function Select combines with a true level on 
EB15-I to clock the contents of the function code into the EXC2 storage register. 
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The EXC2 Decode Logic selects one of elglit output lines, EXC2-0 through EXC2-7, 
according to the contents of the function code. Each EXC2 line is connected via a 
wire wrap jumper in the backplane to the clock input gate of a different register or 
gated input. An active EXC2 line enables one of three inputs to the clock input gate 
in preparation for the data transfer stage of the operation. 

Data Transfer Stage 

The device address is again placed on the E-bus. A true level on EB14-I identifies 
the operation as a data transfer out and, together with Function-Select, sets the 
data transfer out (DTOS) latch. Output of i:he DTOS latch enables the second input 
to the clock input gate. 

After the control pulse FRYX-I goes false, the computer removes the device address 
from the E-bus and places a data word on lines EBOO-I through EB14-I, with a sign 
bit on EB15-I. This is followed by the control pulse DRYX-L DRYX-I enables the 
clock input gate of the selected register or gated input, DRYX-I also resets the 
DTOS latch. 

After DRYX-I goes false, the only true input to the clock input gate of the register 
is provided by the selected EXC2 line. Ttds input remains true until a different 
EXC2 line at that device address is select(3d. Until that time, subsequent data 
transfer operations for that device addresB will be routed to the same register or 
gated input, without requiring another EX(^2 instruction. 

BIG- Controlled Data Transfer 

When a data transfer is under BIG control,, a different set of DOM logic is involved. 

DOM Selection Stage 

The DOM selection stage is the same for £i BIC-controlled data transfer as for a 
program-controlled data transfer; the data transfer stage, however, is not. 
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Data Transfer Stage 

The BIC can be used to control the transfer of data to or from the computer memory 
under the control of the TROX-B signal. 

The DOM provides a flip-flop to allow the computer to determine the direction of 
data flow. EXC-0 is normally wired to the X-OUT terminal and EXC-1 is normally 
wired to the X-IN terminal. REX-0 and REX-1 are grounded so that their corre- 
sponding EXCs operate as pulses. 

EXC-0 is then executed when the BIC is to transfer data out of memory and EXC-1 
is executed when the BIC is to transfer data into memory. 

XRDY is an input signal to the signal to the Digital Output Module which is used to 
control the rate at which the BIC transfers data. XRDY presents two logic loads 
and has a 1 K ohm resistor to +5 Vdc. A low true pulse received by XRDY initiates 
a BIC data transfer operation after the BIC is connected. The XRDY pulse should 
be less than 2 microseconds and greater than 50 nanoseconds in duration. 

3.2 EXTERNAL CONTROL DECODE 

Every master DOM makes available eight EXC outputs. An output goes true when its 
flip-flop is set by the EXC decode logic. A function code, provided by the computer 
as a result of an EXC program instruction, specifies which EXC output flip-flop is 
set. 

EXC output flip-flops are not reset by program instructions alone; they may be reset 
through a variety of hardware or hardware/software techniques. Some examples of 
methods for resetting EXC output flip-flops are discussed in Section 2.5. 
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The EXC output driver is capable of switching signals at levels up to +30 volts, with 
current sinking of up to 250 mA. 

3. 3 SENSE DECODE 



Every master DOM is capable of samoling, one at a time, up to eight Sense input 
lines and forwarding the logic level present on the selected line to the computer. A 
function code, provided by the computer as a result of a SEN program instruction, 
specifies which Sense input is to be sampled. 

Sense input signals are considered Igoically true when they are at Vdc and logically 
false at +4 Vdc. When sampled, a true input will cause a jump condition in the 
program. The DOM provides a 5.6 K pullup resistor to +5 volts on each Sense input. 
It is therefore not necessary to drive the Sense inputs high. The Sense inputs are 
normally connected to external logic lO to +5 volts) or switch closures to ground. 



— NOTE 



Sensed signals should not be allowed to go negative 
with respect to DOM logic ground and should not be 
allowed to go more positive than the DOM +5 volts. 



3.4 LOGIC DESIGN 

The basic design of the data output logic is represented in the block diagram of 
Figure 3-1. Each output register consists of four data output logic devices, each 
of which contains four TTL/DTL bistable 4-bit latches per device. 
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E-BUS 




OUTPUT 



> 



Figure 3-1. Digital Output Logic 



Latches 



Information present at a data (D) input (see Figure 3-2) is transferred to the Q out- 
put when the clock is high, and the Q output will follow the data input as long as the 
clock remains high. When the clock goes low, the information (that was present at 
the data input at the time the transition occurred) is retained at the Q output until 
the clock is permitted to go high. 





To 

Other 

Latch 




O 
CLOCK 




O 
DATA 



Figure 3-2. Latch - Functional Diagram 
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130Q 



U 



■o GND 



DATA 



Figure 3-3. Latch - Schematic Diagram 



Drivers 



The dual peripheral drivers used in the DOM incorporate the following features: 

• 300 - mA Output Current Capability 

• High- Voltage Outputs 

• High-Speed Switching 

Typical applications of the drivers include high-speed logic buffers, power drivers, 
relay drivers, lamp drivers, MOS drivers, and memory drivers. The drivers offer 
improved freedom from latch-up and diode-clamped inputs for simplified system 
design. They can drive lamps, relays, and memories to rated levels of voltage and 
current without external loading capacitors. A schematic diagram of a single driver 
is shown in Figure 3-4o 

Note that although the above specifications and comments apply to the output driver 
used in the DOM, some caution must be exercised in driver usage. Within the DOM 
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there is no isolation of the driver grounds from the logic ground of the computer; it 
is, therefore, recommended that the DOM outputs not be used to switch high-current 
loads or other loads likely to couple noise into the computer's ground system. 

If the DOM is used drive logic, it is recommended that pull-up resistors to +5V be 
included at the receiving end of the line; the value of the resistor should be 5.6 Kohms 
(optionally 1 K ohm) maximum, or equal to the characteristic impedance of the line. 
In this application, total load current should be limited 100 mA. 



-o ^cc 




OGND 



m 



Figure 3-4. Driver - Schematic Diagram 
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INSTALLATION 



4. 1 PREREQUISITES 

Each DOM or DOME requires one card slot in either the mainframe or Memory 
Expansion/Peripheral Controller frame. No special slots are reserved for use 
by DOMs; their location in the frame is determined solely by considerations of 
convenience in backplane wiring. 

4. 2 INSTALLATION AND INTERCONNECTION 

A DOM is installed vertically with its component side to the left in 620/i and 620/L 
computers, and horizontally with its component side up in the 620/f computer. 
Figure 4-1 illustrates a typical installation. 

The card is installed with the double pin edge pointing toward the installer. Proper 
orientation of the module is important since the cards are not keyed. 

Connection to the computer I/O-bus and the BIG option B-bus is provided through 
backplane wiring. All pin assignments for the I/O-bus and B-bus are listed in 
Appendix A. 

For each DOM, connections to external instruments include two output registers 
and one 16-bit gated input and may include up to eight External Control outputs and 
up to eight Sense inputs. Pin assignments for these connections are also listed in 
Appendix A. Recommended connector types for Jl and J2 are identified in the sum- 
mary of key specifications in Appendix B. 
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COMPUTER OR EXPANSION CHASSIS 




'^^^^^=£==S CABLES TO USER DEVICE 



Figure 4-1. Typical Module Installation 
De vice Address W iring 

Table 4-1 lists the jumper connections required to wire a device address for a 
master DOM. Note that Pl-76 (Enable) is not normally used. It is available, how 
ever, and may be used as an additional addressing condition. For example, if 
multiple master DOM modules have the same device address, the Enable input 
can be used to permit only one module to respond to that address at a given time. 





Table 4-1, 


De 


Address 


Wi 


re\ 


050 


PI- 72 to PI -71 




051 


Pl-72 to Pl-71 




052 


PI- 72 to Pl-71 




053 


Pl-72 to Pl-71 




054 


Pl-72 to Pl-70 




055 


Pl-72 to Pl-70 




056 


Pl-72 to Pl-70 
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Pl-72 to Pl-70 





Device Address Wiring 



Pl-69 to Pl-68 
Pl-69 to Pl-68 
Pl-69 to Pl-67 
Pl-69 to Pl-67 
Pl-69 to Pl-68 
Pl-69 to Pl-68 
Pl-69 to Pl-67 
Pl-69 to Pl-67 



Pl-66 to Pl-65 




Pl-66 to Pl-64 




Pl-66 to Pl-65 




Pl-66 to Pl-64 




Pl-66 to Pl-65 




Pl-66 to Pl-64 




Pl-66 to Pl-65 




Pl-66 to Pl-64 
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EXC2 Output Wiring 

Table 4-2 lists the jumper connections required to wire the eight EXC2 outputs to 
select individual registers on the DOM and DOMEs. 

Table 4-2. Register Select Connections 



SIGNAL 


CONNECTION 


REGISTER 
NUMBER 


FROM 


TO 


XEXC-0 


DOM #1 Pl-110 


DOM #1 Pl-77 


1 


XEXC-1 


DOM #1 Pl-112 


DOM #1 Pl-78 


2 


XEXC-2 


DOM #1 Pl-114 


DOME #2 Pl-77 


3 


XEXC-3 


DOM #1 Pl-103 


DOME #2 Pl-78 


4 


XEXC-4 


DOM #1 Pl-104 


DOME #3 Pl-77 


5 


XEXC-5 


DOM #1 Pl-105 


DOME #3 Pl-78 


6 


XEXC-6 


DOM #1 Pl-106 


DOME #4 Pl-77 


7 


XEXC-7 


DOM #1 Pl-108 


DOME #4 Pl-78 


8 


DTI-X 


DOM #1 PI -63 


DOME #2 Pl-63 


INPUT 2 


DTI-X 


DOME #2 Pl-63 


DOME #3 Pl-63 


INPUT 3 


DTI-X 


DOME #3 Pl-63 


DOME #4 Pl-63 


INPUT 4 


DTO-X 


DOME #1 Pl-102 


DOME #2 Pl-102 


3 & 4 


DTO-X 


DOME #2 Pl-102 


DOME #3 Pl-102 


5 & 6 


DTO-X 


DOME #3 Pl-102 


DOME #4 Pl-102 


7 & 8 



External Control Reset Wiring 

Provision must be made for resetting External Control outputs. Basic information 
on techniques for resetting the outputs is presented in Section 2. 5. One possible 
configuration is illustrated in Table 4-3. 

Table 4-3. External Control Reset Wiring 



Signals 


DOM 


DOM 


EXCl/REXO 
EXC3/REX2 
EXC5/REX4 
EXC7/REX6 


Jl-6 
Jl-12 
Jl-18 
Jl-24 


Jl-5 
Jl-11 
Jl-17 
Jl-23 



XRDY And X-IN/X-OUT Wiring 



DOMs used in conjunction with the BIC option require an externally-supplied signal, 
XRDY, which synchronizes the data transfer with external device operation. EXCO 
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and EXCl are connected to X-OUT and X-IN respectively to select the DOM for con- 
nection to the BIC and to establish the direction of data transfer. Further discussion 
of these requirements can be found in Section 3.1 of this manual. 

A wiring configuration for BIC operation under internal program control is shown 
in Table 4-4. This configuration is used when operating the DOM Test Program as 
described in Section 2. 8 of this manuaL 

For BIC operation under external control (axternally supplied timing for BIC- 
connected operations), the external pulse is provided through Jl-19. The pulse is 
low true and less than 1.8 microseconds for the 620/L computer. 

Table 4-4. DOM Wiring for Program-Controlled BIC Operation 



BIC 
Connections 



Pl-74 to Pl-79 to Pl-89 
Pl-75 to Pl-80 to Pl-87 

Pl-85 to Pl-73 



Note that if the BIC is not used, Pl-79 and Pl-80 should be grounded or, alterna- 
tively, Pl-79 should be connected to PI- 74, and Pl-80 should be connected to Pl-75, 

4.3 INSTALLATION EXAMPLE 

A typical DOM could be installed with the following wiring: 

Device Address 050 

PI- 71 wired to PI- 72 
Pl-68 wired to Pl-69 
Pl-65 wired to Pl-66 

Register Select Connections 

Pl-110 wired to Pl-77 
Pl-112 wired to Pl-78 



BIC Control 

Pl-74 wired to Pl-79 
Pl-75 wired to Pl-gO 

Note: If BIC is not used Pl-79 and Pl-80 should be grounded. 

EXC Reset (These connections v/ill be inside Jl connector hood.) 

Jl-5 to Jl-4 
Jl-8 to Jl-7 
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APPENDIX A: DOM PIN ASSIGNMENTS 



BACKPLANE WIRING 



Pin 
No. 

Pl-1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 



Name 

Digital ground 

EBOO 

Digital ground 

EBOl 

Digital ground 

EB02 

Digital ground 

EB03 

Digital ground 

EB04 

EB05 

EB06 

EB07 

EB08 

EB09 

EBIO 

EBll 

EB12 

EB13 

EB14 

EB15 

Digital ground 

Not used 

Digital ground 

Not used 

Digital ground 

FRYX 

Digital ground 

DRYX 

Digital ground 

SERX 

Digital ground 

Not used 

Digital ground 

Not used 



Function 



One bit of Device Address or data word 

One bit of Device Address or data word 

One bit of Device Address or data word 

One bit of Device Address or data word 

One bit of Device Address or data word 

One bit of Device Address or data word 

One bit of EXC, EXC2 or SEN code or data word 

One bit of EXC, EXC2 or SEN code or data word 

One bit of EXC, EXC2 or SEN code or data word 

One bit of data word 

One bit of data word 

EXC tag line or one bit of data word 

Sense tag line or one bit of data word 

One bit of data word 

Data tag line or one bit of data word 

EXC2 tag line or one bit of data word 



Function Ready 
Data Ready 
Sense Response 
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BACKPLANE WIRING (Continued) 



Pin 




No. 


Name 


PI -36 


Digital ground 


37 


Not used 


38 


Digital ground 


39 


Not used 


40 


Digital ground 


41 


Not used 


42 


Not used 


43 


SYRT 


44 


lUAX 


45 


Not used 


46 


Not used 


47 


Not used 


48 


Digital ground 


49 


TRQX 


50 


TROX 


51 


Digital ground 


52 


Not used 


53 


Digital ground 


54 


CDCX 


55 


Digital ground 


56 


DCEX 


57 


Digital ground 


58 


TAKX 


59 


Digital ground 


60 


DESX 


61 


Not used 


62 


Not used 


63 


DTI-X 


64 


EBOO+ 


65 


EBOO- 


66 


EBOI 


67 


EB01+ 


68 


EBOl- 


69 


EBII 


70 


EB02+ 


71 


EB02- 


72 


EB2I 



Function 



Resets system logic 

Interrupt acknowledge from computer 



Transfer Request from DOM to BIC 
Identifies direction of BIC -controlled data 
transfer 



Notifies BIC that DOM is connected 
Connect signal from BIC 
Transfer Request acknowledge from BIC 
Disconnect from BIC 



Jumper 
Jumper 
Jumper 
Jumper 
Jumper 
Jumper 
Jumper 
Jumper 
Jumper 
Jumper 



connection 
connection 
connection 
connection 
connection 
connection 
connection 
connection 
connection 
connection 



for DTI-X 
for wiring 
for wiring 
for wiring 
for wiring 
for wiring 
for wiring 
for wiring 
for wiring 
for wiring 



to DOMES 
Device Address 
Device Address 
Device Address 
Device Address 
Device Address 
Device Address 
Device Address 
Device Address 
Device Address 
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BACKPLANE WIRING (Continued) 



Pin 
No. 



Name 



-73 


Device Ready 


74 


Not used 


75 


Not used 


76 


Enable 


77 


EXC2-N 


78 


EXC2-M 


79 


EPO-N 


80 


Not used 


81 


Not used 


82 


Not used 


83 


Not used 


84 


Not used 


85 


DTOS 


86 


EXC7 


87 


EXC5 


88 


Not used 


89 


Not used 


90 


EXC6 


91 


EXC2 


92 


Not used 


93 


EXC3 


94 


EXC4 


95 


Not used 


96 


Not used 


97 


Not used 


98 


EXCl 


99 


Not used 


100 


Digital ground 


101 


EXCO 


102 


DTO-X 


103 


EXC2-3 


104 


EXC2-4 


105 


EXC2-5 


106 


EXC2-6 


107 


Not used 



Function 

Externally- supplied timing for BIC -connected 
operations 



Not used 

Jumper connection for EXC2 signal assigned to 

Register 1 

Jumper connection for EXC2 signal assigned to 

Register 2 

DOM Select signal for BIC -connected operations 



Data transfer request to computer 

Jumper connection for internal use of EXC7 

Jumper connection for internal use of EXC5 



Jumper connection for internal use of EXC6 
Jumper connection for internal use of EXC2 

Jumper connection for internal use of EXC3 
Jumper connection for internal use of EXC4 



Jumper connection for internal use of EXCl 



Jumper connection for internal use of EXCO 
Jumper connection for DTO-X signal to DOMEs 
Jumper connection for register Select line 3 
Jumper connection for register Select line 4 
Jumper connection for register Select line 5 
Jumper connection for register Select line 6 



A-3 



BACKPLANE WIRING (Continued) 



Pin 




No. 


Name 


Pl-108 


EXC2-7 


109 


Not used 


110 


EXC2-0 


111 


Not used 


112 


EXC2-1 


113 


Not used 


114 


EXC2-2 


115 


Not used 


116 


Not used 


117 


Not used 


118 


+5 Vdc 


119 


Not used 


120 


Not used 


121 


+5 Vdc 


122 


Digital ground 



Fu nction 

Jumper connection for register Select line 7 
Jumper connection for register Select line 
Jumper connection for register Select line 1 
Jumper connection for register Select line 2 



TERMINAL EDGE CONNECTOR WIRING 



Pin 
No. 



Name 



Function 



Jl-1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 



DTIN 

+5 Vdc 

EXCO 

Digital 

REXO 

EXCl 

Digital 

REXl 

EXC2 

Digital 

REX2 

EXC3 

Digital 

REX3 

EXC4 

Digital 

REX4 

EXC5 

Device 

REX5 

EXC6 

Digital 

REX6 



ground 

ground 

ground 

ground 

ground 

Ready 

ground 



Data Transfer In 

Output connection for EXCO 

Jumper connection for EXCO reset 
Output connection for EXCl 

Jumper connection for EXCl reset 
Output connection for EXC2 

Jumper connection for EXC2 reset 
Output connection for EXC3 

Jumper connection for EXC3 reset 
Output connection for EXC4 

Jumper connection for EXC4 reset 
Output connection for EXC5 
External connection for BIC operation 
Ju:iiper connection for EXC5 reset 
Output connection for EXC6 

Jumper connection for EXC6 reset 
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TERMINAL EDGE CONNECTOR WIRING (Continued) 



Pin 








NOo 


Name 


Function 




Jl-24 


EXC7 


Output connection for EXC7 




25 


REX7 


Jumper connection for EXC7 


reset 


26 


Sense 


Input connection for Sense ] 


Line 


27 


Sense 1 


Input connection for Sense 1 ] 


Line 


28 


Sense 2 


Input connection for Sense 2 line 


29 


DIN 00 


Input word, bit 0, LSB 




30 


DIN 01 


Input word, bit 1 




31 


DIN 02 


Input word, bit 2 




32 


DIN 03 


Input word, bit 3 




33 


DIN 04 


Input word, bit 4 




34 


DIN 05 


Input word, bit 5 




35 


DIN 06 


Input word, bit 6 




36 


DIN 07 


Input word, bit 7 




37 


DIN 08 


Input word, bit 8 




38 


DIN 09 


Input word, bit 9 




39 


DIN 10 


Input word, bit 10 




40 


DIN 11 


Input word, bit 11 




41 


DIN 12 


Input word, bit 12 




42 


DIN 13 


Input word, bit 13 




43 


DIN 14 


Input word, bit 14 




44 


DIN 15 


Input word, bit 15, MSB 




J2-1 


DOA 00 


Register 1 output word, bit 


0, LSB 


2 


DOA 01 


Register 1 output word, bit 


1 


3 


DOA 02 


Register 1 output word, bit 


2 


4 


DOA 03 


Register 1 output word, bit 


3 


5 


DOA 04 


Register 1 output word, bit 


4 


6 


DOA 05 


Register 1 output word, bit 


5 


7 


DOA 06 


Register 1 output word, bit 


6 


8 


DOA 07 


Register 1 output word, bit 


7 


9 


DOA 08 


Register 1 output word, bit 


8 


10 


DOA 09 


Register 1 output word, bit 


9 


11 


DOA 10 


Register 1 output word, bit 10 


12 


DOA 11 


Register 1 output word, bit 11 


13 


DOA 12 


Register 1 output word, bit 12 


14 


DOA 13 


Register 1 output word, bit 13 


15 


DOA 14 


Register 1 output word, bit 14 


16 


DOA 15 


Register 1 output word, bit 15, MSB 


17 


DOB 00 


Register 2 output word, bit 


0, LSB 


18 


DOB 01 


Register 2 output word, bit 


1 
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TERMINAL EDGE CONNECTOR WIRING (Continued) 



Pin 

No. 



Name 



Function 



J2-19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 



DOB 02 
DOB 03 
DOB 04 
DOB 05 
DOB 06 
DOB 07 
DOB 08 
DOB 09 
DOB 10 
DOB 11 
DOB 12 
DOB 13 
DOB 14 
DOB 15 
Sense 3 
Sense 4 
Sense 5 
Sense 6 
Sense 7 
DTOA 

Digital ground 
Digital ground 
+5 Vdc 

Digital ground 
Digital ground 
DTOB 



Register 2 output word, bit 2 
Register 2 output word, bit 3 
Register 2 output word, bit 4 
Register 2 output word, bit 5 
Register 2 output word, bit 6 
Register 2 output word, bit 7 
Register 2 output word, bit 8 
Register 2 output word, bit 9 
Register 2 output word, bit 10 
Register 2 output word, bit 11 
Register 2 output word, bit 12 
Register 2 output word, bit 13 
Register 2 output word, bit 14 
Register 2 output word, bit 15, MSB 
Input connection for Sense 3 line 
Input connection for Sense 4 line 
Input connection for Sense 5 line 
Input connection for Sense 6 line 
Input connection for Sense 7 line 
Data Transfer Out, Register 1 



Data Transfer Out, Register 2 
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APPENDIX B: SPECIFICATIONS 



DIGITAL OUTPUT 



Number 
Type 



Available Fanout 



Maximum Load Capacitance 



Two 16-bit registers. 

Open collector transistor with 5o 6 K ohms 
(1 K ohms^ optional) to +5 Vdc. Sinks current 
when true. Capable of sinking 300 mA. Load 
pulses (DTOA and DTOB) are externally avail- 
able; these pulses are 200 nanoseconds in 
duration, low true. 

30 logic loads. 

100 pF. 



DIGITAL INPUT 



Number 
Type 



DTIN Available Fanout 



DTIN Maximum Load Capacitance 



16 lines gated. 

One logic load with 5, 6 K ohms (1 K ohm, 
optional) to +5 Vdc. Low true. Enable Gate 
(DTIN) is externally available. This signal 
is 1.9 microseconds in duration, low true, 

16 logic loads. 

1000 pF, This signal is true when input data 
is gated onto the computer E-bus. 



DIGITAL CONTROL OUTPUTS 



Number 
Type 



Eight. 

TI SN7545IP Dual Peripheral Driver; sinks 
current when true. Each output will sink 
300 mA and standsoff +30 V. Each EXC sets 
an R-S type flip-flop, which results in a dc 
logic low true output. Each flip-flop has an 
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DIGITAL CONTROL OUTPUTS (Continued) 



Type 



externally available reset input, 1 logic load, 
witli 5,6 K ohms (1 Kohms, optional) to 
+5 Vdc. Reset input may be grounded for 
pulise operation or may be connected to an 
EXC for computer control of reset. 



DIGITAL SENSE INPUTS 



Number 
Type 



Eight. 

TT L logic levels. Ground true, open circuit 
inputs are held to +5V supply through 5. 6 
K ohm resistors (1 Kohm, optional). 



SPARE GATES 



Number 
Type 



Two . 

NOB gates are provided to accommodate 
special additional logic requirements. 



POWER 



+5 Vdc +1%, lA. 



TEMPERATURE RANGE 



Operating 
Storage 



-■10°C to 50°C 
-■55°C to 85°C 



PHYSICAL CHARACTERISTICS 



Dimensions 



One printed circuit board 7-3/4 x 12 x 1/2 
inches. 



Connectors 



On6) 122 -terminal card edge connector. 
Two 44-terminal card edge connectors. 
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APPENDIX C: DRIVER PROGRAM EXAMPLES 
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001000 



001000 
OOlOOl 
00J002 
001003 
001004 
001005 
O010O6 
001007 
OOIOIO 
001611 
001012 
001013 
OOIOM 
001015 

ooioie 

001017 
00101?0 
OOIOSI 
001022 
001023 
001024 
001025 
001026 
001027 
001030 
001031 
001032 
001033 
001034 
001200 



004012 



002000 
004012 
001030 
001031 
001033 
001200 
001025 
002000 
004012 
0OI030 
001032 
001033 
001034 
001025 

oouoo 

001022 
001000 
001000 
000001 

ooiooo 

001000 
000077 
OOIOOO 
001000 
00001 1 
000000 
000001 
000001 



000000 



9 

10 

u 

12 

13 
14 

15 
16 
17 
18 
19 
20 
21 



POOM 
PDRO 



TEST DOM m PROGRAM CONTROL INPUT AND OUTPUT 
ORfi OlOOO 
EOU 04012 



ERROR 



OOMNR 

OUT 

IN 

NUM 

I9UF 

08UF 



CALL 



CALU 



JSSl 

JMP 

HUT 
JMP 

HIT 
JMP 

DATA 

DATA 

DATA 

DATA 

BSS 

BSS 

SNO 



POOM, OOMNR, OUT, NUM, OBUP> ERROR 



POOM, DOMNR, IN, NUM, IBUF, ERROR 



*4*4 

PDRO 

01 
PDRO 

077 
PDRO 

9 



1 

I 

100 

100 



DOM SELECT CODE 



NUMBER OP WORDS 
INPUT BUFFER 
OUTPUT BUFFER 
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flO?000 



OOPOftO 

00?ftOl 

O0P0O2 

00?003 

00?004 

00?005 

00?006 

OOPon/ 

002010 

OO^Oll 

002012 

002013 

002014 

002015 

002016 

002017 

002020 

002021 

002022 

002023 

002024 

002025 

002026 

002027 

002030 

0020^1 

002032 

002033 

002034 

002035 

002036 

002037 

002040 

002041 

002042 

002043 

002207 



004144 
004367 
0O200O 
004144 
002036 
002037 

002040 
002042 
002207 
002033 
002000 
002353 
002000 
0041 44 
002O36 
002^37 
002041 
0O2O42 
002043 
002^33 
002000 
002353 

oonoo 

002030 
OOl'^OO 
002000 
000003 
OOinoO 
002000 
000^01 
OOIOOO 
002000 
OOOOOl 
000011 
000000 
OOOOOl 
OOOOOl 



DOOM 
SDOM 

ODRO 



10 

1 I 

!2 
13 

14 EPRGR 
15 



16 
17 

18 
19 
20 
21 
22 
23 



BICNR 

OOHNR 

OUT 

IN 

NUM 

IBUF 

OBur 

* 



TEST Onn . OIRFCT ACCESS CONTROL (BIO NODE 

0R6 02000 

EQU 04144 

FOU 04367 

CALL nDOM,BICNR,D0MNR,0UT,NUM,O9UF,ERROPf 



CALL 
CALL 



CALL 

JMP 

HLT 
JMP 

HLT 
JWP 

DATA 

DATA 

DATA 

DATA 

DATA 

BS8 

BSS 



BICW GO WAIT BIC COMPLETf: 
ODnM,BTCNR,DOMNR,IN,NUM,ieUF,ERRnR 



BICW 

*«4r4 

DDRO 

3 
DDRO 

1 

ODRO 

I 

9 



I 

I 

100 

100 



HALT APTFR INPUT m ITPUT 



■051 SELECT 



NUMBFR OF WORDS 
INPUT BUFFER 
OUTPUT BUFFER 



TRANSFEREO 
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PARE 
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00?3i33 
00P3?^4 

oo:?3«?b 

00^39^ 
00?3fi7 
00P3P0 
00P361 
O0?3«2 
00P363 
00?3^4 
00^365 
00?»3^6 
O0?3a7 
00P370 
00237J 
00?372 
00?»373 
009374 

00?375 
00?37e 



000000 
002000 
004:^67 
00237^; 
0.i;^376 
001*^10 
0O?3 5 4 
4 "^ 4 1 

ooioio 

00i?3b7 

ooiooo 

00^033 
0O190O 
002373 
OOJOOO 

102353 

onooo?» 

0)000 
002000 
000000 
00000*^ 



?4 * 

26 Blew 
?7 



98 
79 

30 
31 

32 

33 

34 

3S 
36 

37 BTC^ 
38 



RICW 

ENTR 
CALl 



LOA 
JA7 

LSPA 
JA7 

J MP 

JSS2 

JHP* 

HLT 
.fMP 

DATA 
END 



BIC WATT SUBROUTINE 



SOnM,BICS GO WAIT BIC rOMPLeTg 



BICS 

BICW*l 

1 

*4'4 

ERPQR 

Blew 

!? 
HDRO 



BIC STILL BUSY 



BIC ABNORMAL STOP 



CONDITTONAL HALT 
RESTART 
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APPENDIX D: SCHEMATICS, ASSEMBLIES, AND PARTS LISTS 



Digital I/O Module 03-950111 
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FIGURE NO. 1 



Digital I/O Module Assembly, 03-950113 



Schematic Reference 

RA1-RA6, RA4-RA6 
RA1-RA3, 5, 6, & IC26 

ICIA, IB,2A, 2B, 7A, 8A, 8B, 
13A, 13B, 14A, 14B, 19A, 19B, 
20A, 20B, 31A, 31B, 37A,37B, 
51B 

IC3, 4, 9, 10, 15, 16, 21, 22, 53 

IC30, 40, 27,28 

IC25 

IC26, IC54 

IC29, 32, 33, 35, 38, 39 

1011,23,34,36,41,42 

1024 



105, 12, 17 



1052 



1043, 44, 49, 50 



Description 

Resistor, Array, 5.6K 

10 Element 75451 



10 Element 7475N 


10 Element 7438 


10 Element 74151 


10 Element 9301 


10 Element 7474 


10 Element 7402 


10 Element 7430 


10 Element 7404 


10 Element 7400 


10 Element 4042 



Varian Part No 
03-998011 

62-600260 



62-600351 
62-600294 
62-600270 
62-600400 
62-600365 
62-600356 
62-600359 
62-600013 
62-600355 
62-600316 
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Varian Part No 



03-998011 



62-600260 



62-600351 
62-600294 
62-600270 
62-600400 
62-600365 
62-600356 
62-600359 
62-600013 
62-600355 
62-600316 
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FIGURE NO. 2 



